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(57) The invention provides a reflective-type liquid 
crystal display device that achieves a good display 
image by reducing a degradation of a light utilization 
rate and a luminance variation and by eliminating flicker 
even when an incident light has a large illuminance. A 
pixel switching element in the reflective-type display 
device is composed of a pair of n-channel MOS transis- 
tor and p-channel MOS transistor. A drain electrode of 
each MOS transistor is electrically connected to a signal 
line, and a source electrode of each MOS transistor is 
electrically connected to a pixel electrode. A storage 
capacitor electrically connected to the pixel electrode is 
provided on a p-type crystalline silicon substrate. A 
photocurrent produced in one of the MOS transistors 
and a photocurrent produced in the other MOS transis- 
tor flow in such a direction that the photocurrents are 
made to flow in directions such that they cancel each 
other. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a reflective-type display device which can be suitably employed for a reflec- 
tive-type liquid crystal light valve and the like for use in, for example, a liquid crystal projector. The present invention also 
relates to an image device employing the reflective-type display device. 

BACKGROUND ART 

10 

[0002] In recent years, there has been growing interest in liquid crystal display (LCD) devices employing reflective- 
type liquid crystal light valves for use in image projectors. In a reflective-type LCD device of this type, one of the two 
substrates constituting the liquid crystal cell is composed of a polycrystalline Si substrate (a substrate in which poly- 
crystalline Si is formed on a substrate composed of glass, quartz, or the like) or a single crystalline Si substrate, and an 

is active matrix structure is provided thereon. In this type of LCD device, a light modulated by liquid crystal is reflected by 
a reflective pixel electrode (which means a pixel electrode which surface is a reflective surface) incorporated into the 
active matrix structure, and then output to a viewer. The LCD device is generally produced by such processes as depos- 
iting a reflective surface on elements for controlling pixel switching operation such as TFT (Thin Film Transistor) and 
MOS (Metal-Oxide-Semiconductor) transistors, or on storage capacitors (also called auxiliary capacitors), and thereaf- 

20 ter planarizing the formed reflective surface by CMP (chemical mechanical polishing) and so forth. Having such a con- 
figuration, this type of LCD device is free from a drawback of conventional transmissive type LCD devices, a reduced 
aperture ratio caused by transistor and storage capacitors occupying a large area in a pixel, and accordingly has an 
advantage that a high aperture ratio is ensured even in cases where a small pixel size is demanded to meet a require- 
ment of high resolution. 

25 [0003] In addition, particularly when single crystal Si is employed for the semiconductor substrate and MOS tran- 
sistors are employed for the pixel switching elements, there is another advantage that techniques for semiconductor 
memory devices such as DRAM (Dynamic Random Access Memory) and the like are fully utilized. Furthermore, when 
single crystal Si is employed, there is further advantage that since single crystal Si has a high carrier mobility, CMOS 
(Complementary MOS) capable of high speed switching operation can be formed, and thereby high speed operation 

30 can also be achieved in integrated peripheral data driver circuits. 

[0004] In driving a light modulating layer such as liquid crystal with an active matrix system, if the amount of electric 
charge stored in a pixel electrode varies during a period in which the scanning line is not selected, a voltage of the pixel 
electrode accordingly varies, thereby causing picture quality degradations such as a degradation in the contrast, a deg- 
radation in the luminance, flicker occurrence, noise generation and so forth. In view of this problem, generally, an aux- 

35 iliary capacitor (storage capacitor) is added to the pixel electrode so as not to cause a voltage variation even if a little 
leakage of electrical charge occurs. 

[0005] In order to ensure a large storage capacitor, there is an example in which a MOS capacitance is employed. 
(This example is hereinafter referred to as a prior art device: see pp. 43-48, H. Sato et al., 1995, ITE Technical Report 
Vol. 19, No. 65). In this case, Si0 2 is generally employed as an oxide layer of the MOS capacitance. A thickness of the 
40 oxide layer is generally very thin, approximately from 10 nm to 100 nm, and in this device, a relatively large capacitance 
is obtained. 

[0006] However, the prior art device has the following problems. 

(1) In recent years, projectors have increasingly been demanded to produce images with a higher luminance, and 
45 accordingly a higher illuminance of incident light to the panel surface has been required. In addition, to reduce the 

manufacturing cost, it is necessary that a panel size be made smaller so that the number of the panel that can be 
produced per one wafer is increased. However, if an area of the panel is made smaller, an illuminance of the inci- 
dent light onto the panel surface must be increased inversely proportional to the area of the panel. Thus, it is 
required that the illuminance of the incident light to the panel surface be increased. However, if an illuminance of 
so the incident light to the panel surface is increased, a photocurrent produced by a portion of the incident light which 
leaks from gaps between pixels and reaches the MOS transistors becomes considerably large, and therefore it 
becomes difficult to suppress voltage variations in the pixel electrodes even with the use of large storage capaci- 
tances such as MOS capacitances. 

(2) In addition, such photocurrent-induced voltage variations in pixel electrodes cause flicker. The reason for this is 
55 as follows. Generally, in driving a liquid crystal device, in order to avoid charge up, voltages having opposite polar- 
ities but approximately the same absolute values (effective values) are applied alternately for each one frame (for 
the sake of brevity, the explanation herein assumes a case in which an image with a constant luminance is dis- 
played). More specifically, when a scanning line is selected at even-numbered frames, a positive voltage (the refer- 
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ence being the counter substrate electrode) V A is applied to the pixel electrode, and at odd-numbered frames, a 
negative voltage — V A is applied thereto. In contrast, the above-mentioned photocurrents flow in a constant direc- 
tion irrespective of the polarity of the pixel electrode voltage, and therefore, voltage variations resulting from the 
photocurrents during scanning line non-selected periods are made to have the same direction irrespective of even- 

s numbered frames or odd-numbered frames. Assuming the direction of the voltage variation has a negative direc- 

tion, the variation causes such an effect that an effective value of the applied voltage to liquid crystal becomes 
larger at even numbered frames, and smaller at odd numbered frames. As a consequence, the luminance of the 
liquid crystal shows repeated variations from bright to dark at each frame, and thus, flicker is perceived by the 
viewer. In order to suppress such flicker caused by photocurrents, it is desirable that the storage capacitor be made 

10 further larger, but it is of course impossible to make the storage capacitor infinitely large. The reason is that when 
the storage capacitor is large, in order to charge such a large capacitor during a scanning line selected period, a 
larger amount of electric charge must be supplied, and the amount of electric charge to be supplied exceeds the 
charging capability of the MOS transistor. Thus, the foregoing prior art device has a drawback that flicker is caused 
when an illuminance of incident light to the panel surface increased, which leads to degradations in picture quality. 

15 

[0007] Now, a cause of flicker in the foregoing prior art device is detailed using mathematical expressions and so 
forth. The following explanation is intended to highlight the problems in the prior art device, as well as to facilitate the 
comparison between the present invention and the prior art device with the use of mathematical expressions etc. in the 
Preferred Embodiments hereinbelow. 

20 [0008] Fig. 53 shows a cross-sectional view of the foregoing prior art device. A reflective-type LCD device 5100 
employs an n-type crystalline Si substrate 5101 , and comprises, as its main components, a counter substrate 5130, an 
n-channel MOS transistor 5102, a signal line 5103, a common voltage line 5104, a scanning line (gate line, not shown), 
a reflective pixel electrode 5105, a liquid crystal 5106, and a storage capacitor 5107. The storage capacitor 5107 is 
composed of a capacitive electrode 5108, a capacitive oxide layer 5109, and a portion of a p-well 51 10. 

25 [0009] An equivalent circuit of one single pixel of the reflective-type LCD device 5100 is shown in Fig. 54. The 
equivalent circuit shown in Fig. 54 is a standard active matrix type circuit, and a gate 51 02a of the n-channel MOS tran- 
sistor 5102 is connected to a scanning line 51 1 1 (voltage V G ), a drain 5102b is connected to a signal line 5103 (voltage 
V D ), and a source 5102c is connected to a pixel electrode 5105 (voltage V s ). The p-well 51 10 is connected to a com- 
mon voltage line 5104 (voltage V B ), and therefore, the p-well 51 10 is biased to the voltage V B . The voltage V B corre- 

30 sponds to a substrate bias voltage of the MOS transistor 51 02. The voltage V B is lower than both of the voltages V D and 
V s . The liquid crystal 5106 is sandwiched between the pixel electrode 5105 and an ITO electrode 51 13 (voltage V com ), 
and thereby a liquid crystal capacitance C LC is produced. (C LC is a capacitance value per one single pixel.) In the stor- 
age capacitor 5107, a capacitive oxide layer 5109 is sandwiched between a capacitive electrode 5108 with a voltage 
V s and the p-well 51 10 with a voltage V B , and thereby a storage capacitance C stg of the storage capacitor 5107 is pro- 

35 duced. In this figure, minute stray capacitance, leakage conductance, and so forth produced in the MOS transistor 5102 
or between connected lines are ignored. 

[0010] When a high luminance light is projected to the display device 5100, part of the light transmits through, for 
example, a gap A in the pixel electrode 5105 the planarizing layer 51 15 a gap B in a second light blocking layer 
51 1 6 a second insulating layer 51 1 7 a gap C of a first light blocking layer 51 1 8 a first insulating layer 5119, and 
40 reaches a reverse-biased region between the source 5102 and the p-well 51 10. As a result, a photocurrent is produced 
according to the same principle as that in photodiodes. I P in Fig. 54 represents the photocurrent. Generally, l P results 
in a value proportional to an illuminance of the incident light. 

[001 1 ] Now, the operation of the prior art device is detailed. The scanning line 5111 is selected at each one frame 
as shown in Fig. 55. Here, a voltage V G of the scanning line at a selected state is denoted by V GON , a voltage V G of the 
45 scanning line at a non-selected state is denoted by V GO ff Also as shown in Fig. 55, a voltage V D having different polar- 
ities at every alternative frame (the absolute values being approximately equal) is fed to the signal line 5103. 
[0012] First, when the scanning line 51 1 1 of a certain pixel is selected, the MOS transistor 5102 is turned to be an 
ON state, and a pixel electrode voltage V s is charged until a signal line voltage V D becomes V D0 (a signal line voltage 
V D during the selected period is particularly denoted by V D0 ). The change of the pixel electrode voltage V s is repre- 
ss sented by the following expression (1). 

(C stg+C LC ) dV s / dt = k {(V GON -V s ) 2 _(V GON -V D0 ) 2 } (1) 

[0013] The right hand side of expression (1) represents a current between the drain and the source of the MOS 
55 transistor 5102, and k is a constant representing a charging performance of the MOS transistor 5102. For the sake of 
brevity, the threshold voltage is assumed to be 0 V here. But note that the following discussion is held to be practically 
valid even if the threshold voltage is not OVA current between the source and drain is sufficiently larger than l p and 
thus the effect of l P is ignored. 
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[0014] At a final stage of charging where V s is becoming close to V D0 , expression (1) can be approximated as the 
following expression (2). 

The right side of expression (1) = k {(V GON -v s ) 2 -(v 

GON -V D o) 2 } 

= k {V son 2 -2V son • V S+ V s 2 -V GON GON • V D0 -V D0 2 } 

= k{V s 2 -V D0 2 +2V GON (V D0 -V s )} 

= k {(V a— V D0 )(V S+ V D0 )+2V GON (V D0 -V s )} 

= k(V s -V D0 )(V s+ V D0 -2V GON ) = 2k(V s -V D0 )(V D0 -V GON ) ( vV s =V D0 ) 

• • (Cstg+CLc) dV s /dt = 2k(V s -V D0 )(V D0 -V GON ) 
••• d(V s -V D0 )/dt = -2k(V GON -V D0 )(V s -V D0 )/(C slg+ C LC ) (2) 

=( V S- V D0)^ 



[001 5] In the above expression, x = (C s, g +C LC ) /2k (V G — V D0 ) . 

[0016] As apparent from the above expression (2), a time constant of charging x becomes larger as V D0 becomes 
20 larger and closer to V G . In other words, it shows that as V D0 becomes larger, the time for charging is longer. The value 
% becomes the largest in the case of where V D0 is the maximum signal line voltage (this is denoted by V Dm ), and the 
time constant x in this case is represented by the following expression (3). 



*=(C stg+ C LC )/2k(V G -V Dm ) (3) 

25 

[001 7] In order to perform a sufficient charging, it is necessary that t be sufficiently small in comparison with a width 
of the selected period. In the discussion hereinbelow, it is assumed that this condition is satisfied and charging is com- 
pleted within a selected period, attaining V s = V D0 . 

[0018] Now, the discussion is concerned with a state after entering a non-selected period. In the non-selected 
30 period, the MOS transistor is turned to be OFF state and the connection between the drain and the source is cut off. 
Here, assuming an ideal condition in which a photocurrent l P = 0, an electric charge stored in a storage capacitance 
C stg and a liquid crystal capacitance C LC is preserved during a period until the next selected period (during the non- 
selected period), and a voltage V s of the pixel electrode 5105 is kept at a constant level, approximately an initial level 
of V D . In this instance, for a period of one frame, an alignment of liquid crystal is kept in a predetermined state, allowing 
35 to display a predetermined image. 

[0019] However, such an ideal condition is not possible to realize, and the photocurrent l P influences the pixel elec- 
trode voltage V s , causing a variation of the pixel electrode voltage V s during the non-selected period. The variation of 
V s is represented by the following expression (4). 



40 (C stg + C LC )dV s /dt=-l P (4) 

[0020] Here, the photocurrent l P is a positive value proportional to an illuminance of the incident light, but is also 
dependent on V s . The reason is that, the photocurrent is produced by a hole-electron pair resulting from a light illumi- 
nating a depletion layer in a reverse-biased region between the source 5102 and the p-well 5110, and a width of the 
45 depletion layer is varied approximately in proportion to a square root of a reverse bias voltage V s — V B . Note that, 
depending on a profile of an impurity-doping depth in the source 5102c, it is not necessarily in proportion to the square 
root, but the following discussion remains to be valid. 

[0021] The relationship between V s and a photocurrent l P at a certain illuminance of the incident light is shown in 
Fig. 56. Now, it is assumed that signals of V D0 = ±V A are alternately applied at each frame to the signal line. I P in each 
so case of V s = +V A is set to be l P+ or l P _, respectively. When a voltage variation during the non-selected period is AV S+ 
or AV S . respectively, these are represented in an approximation by the following expressions (5) and (6). 



55 



AV s+ = -(l P+ )-(T f )/(C stg+ C LC ) 
AV S . = -(l P .)-(T f )/(C stg+ C LC ) 



(5) 
(6) 



[0022] In the above expressions, T f denotes a frame period. Based on the foregoing, a variation of V s is shown in 
Fig. 55. (A so-called "field through effect", a voltage variation caused by a capacitive coupling at the moment of the tran- 
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sition from a selected period to a non-selected period, is ignored here.) 

[0023] A response of reflectivity of a liquid crystal is determined by an absolute value of an applied voltage to the 
liquid crystal, and shows a response as shown in Fig. 57(b) corresponding to the change of V s shown in Fig. 57(a) 
(which shows the same V s as shown in Fig. 55). Here, it is assumed that the liquid crystal exhibits a sufficiently quick 

5 response in comparison with the frame period, and that the device is a normally-off mode in which the reflectivity 
increases as the applied voltage increases. It is also assumed that V com = 0. According to Fig. 57(b), the reflectivity 
results in a value such that an alternating-current component having a period twice as long as the frame period T f is 
superimposed on a direct current average value, and thus noticeable flicker is observed by a viewer. An amplitude of 
the alternating current is proportional to an illuminance of the incident light, and inversely proportional to C stg +C LC . The 

10 alternating current cannot be completely eliminated even if V com is adjusted. The reason is that although it is possible 
to equalize average values of reflectivities in odd-numbered frames and even-numbered frames by changing V com , the 
waveforms per se of both reflectivities cannot be equalized. From the discussion thus far, it is understood that, in the 
case of the prior art device, flicker increases as an illuminance of the incident light increases. Although the flicker can 
be suppressed by increasing C stg +C LC , it is impossible to increase C stg +C LC limitlessly since there is a limitation that a 

15 time constant of charging shown in the foregoing expression (3) must be restricted to less than a certain value. There- 
fore, flicker cannot be eliminated completely. 

Other Problems 

20 [0024] Although the problems described above mainly relates to a case in which a light enters the pixel switching 
element, a light illuminating a region in the substrate surface other than the region of the pixel switching elements also 
influences nearby pixel switching elements and becomes a cause of a variation of pixel electrode voltages. Therefore, 
in an LCD device in which a silicon substrate is used as the substrate, four or more layers are provided for the formation 
of signal wiring and a light blocking layer in order to thoroughly block an incoming light, for example as described in Jap- 

25 anese Unexamined Patent Publication No. 9-68718. However, in such a multi-layered structure, the more the layers are 
provided, the larger the number of mask is required, thereby increasing the manufacturing cost. In view of this problem, 
for example as described in Japanese Unexamined Patent Publication No. 63-228887, there has been a device having 
a construction in which pixel switching elements are formed on an insulative substrate made of such a glass that is non- 
reactive to light, so that a light blocking performance is improved. In such a construction, unlike the case of a silicon sub- 

30 strate, if a light hits the insulative substrate, it does not cause a problem, and if the pixel switching elements are dis- 
posed under the reflective electrode, an incident light does not directly hit the pixel switching elements. However, in 
recent years, further brighter reflective-type display devices are demanded, and an intensity of the incident light tends 
to be further increased. In the past, an intensity of the light projected onto a reflective-type LCD device was approxi- 
mately 100,000 lux. However, a light of approximately 1 million to 5 million lux is required in recent years. At a 100,000 

35 lux level, a sufficient display performance has been obtained by, as described above, forming pixel switching elements 
on such an insulative substrate that is non-reactive with light and disposing the pixel switching elements under the 
reflective electrode. However, with a further increased intensity of the incident light, the contrast has been reduced, and 
at a light intensity of over 1 million lux, the resulting contrast has become approximately 1 0, which is a considerable deg- 
radation in display performance. In a reflective-type LCD device produced with the use of a silicon substrate as well, a 

40 similar reduction in the contrast has been observed. 

[0025] The present inventors found that such a degradation in contrast is induced by a variation of pixel electrode 
voltages, which results from the malfunction of pixel switching elements caused by a light entering the pixel switching 
elements or hitting the silicon substrate. 

[0026] In the case of a reflective-type LCD device made with a silicon substrate, it appears that the light is suffi- 
45 ciently blocked by the presence of a light blocking layer, but in fact the incident light is transmitted in the insulating layer 
by multiple reflections on, for example, a surface of the light blocking layer and a back surface of the reflective pixel elec- 
trode. 

[0027] When an intensity of the incident light is relatively weak, light absorption takes place at the time of the reflec- 
tion and the like, and therefore the incident light disappears before it reaches the silicon substrate. However, when an 

so intensity of the incident light is increased, the light cannot be absorbed, and reaches the silicon substrate, causing the 
malfunction. In order to prevent this, the light blocking layer must be multi-layered to improve the light blocking perform- 
ance. Yet, this leads to an increase in the number of masks required in the manufacturing, an increase in the number 
of the manufacturing steps, and a decrease in a rate of good product (yield), thereby resulting in a cost increase. 
[0028] In the case of forming pixel switching elements on an insulative substrate on the other hand, although a light 

55 enters the insulative substrate, reflection does not takes place if the insulative substrate is made of a transparent mate- 
rial such as glass and quartz, and the light passes through to the back surface. Therefore, the light blocking perform- 
ance is improved over the foregoing LCD device made with a silicon substrate. However, in this case of using the 
transparent insulative substrate, the present inventors found that a cause of the contrast degradation is an interfacial 
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reflection at the downward surface (a surface opposite to the surface on which pixel switching elements are formed). In 
a transparent material, little light absorption takes place and most part of the light linearly passes through the material. 
However, even in the case of transparent materials, when two materials have greatly different refractive indices from 
each other, an interfacial reflection occurs at the interface between the two materials. A transparent material for con- 
s structing a display device generally shows a refractive index of approximately 1 .5, and the interfacial reflection is small. 
However, since the air has a refractive index of 1 , a light passing through for example glass is reflected about 4 % at the 
interface between the glass and the air. The reflected light is again transmitted in the glass, and if the light reaches the 
pixel switching elements, it causes a variation of pixel electrode voltages. 

[0029] In summary, in the case of a transparent insulative substrate, a reflected light resulting from an interfacial 
10 reflection at the back surface of the substrate transmits in the substrate and reaches the pixel switching elements, and 
thus a variation of pixel electrode voltages is caused. 

DISCLOSURE OF THE INVENTION 

is [0030] In view of the foregoing problems in prior art, it is an object of the present invention to provide a reflective- 
type display device, in which flicker is eliminated by suppressing a variation of pixel electrode voltages, and thereby a 
high quality image is achieved even when a high illuminance light source is employed, and to provide an image device 
employing the reflective-type display device. 

[0031] The present inventors have found as a result of intensive studies that a variation of pixel electrode voltages 
20 can be reduced and thereby the occurrence of flicker is prevented (1) by canceling photocurrents, (2) by further increas- 
ing a storage capacitance, and (3) by implementing a surface treatment on a back surface of the transparent insulating 
substrate such that light is not reflected. 

[0032] Specific configurations of the invention will now be described hereinbelow. 

[0033] In accordance with a first aspect of the invention, there is provided a reflective-type display device compris- 
es ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
30 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
35 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

in each pixel, a photoelectric transducer electrically connected to the pixel electrode is provided on the semicon- 
40 ductor substrate, the photoelectric transducer wherein a photocurrent is produced by an incident light, and the 
photocurrent flows in a direction such that the photocurrent cancels a photocurrent produced in the pixel switching 
element. 

[0034] In the above-described display device, during a period in which the pixel switching element is OFF, a photo- 
45 current is generated by part of the incident light leaking from the gap between the pixel electrodes and reaching the 
pixel switching element. The leaking light from the gap of the pixel electrodes also illuminates the photoelectric trans- 
ducer. Thereby, a photocurrent is generated in the photoelectric transducer. The photocurrent generated by the photo- 
electric transducer is made to flow in a direction such that the photocurrent generated in the pixel switching element is 
cancelled thereby and therefore a variation of the amount of electric charge caused by photocurrent can be minimized. 
so [0035] In addition to the above-described device configuration, when an electrode voltage of the counter substrate 
is set to be V c , flicker is perfectly prevented as will be described later (in a description regarding the fifth aspect of the 
invention). Even when the electrode voltage of the counter substrate is not set to be V c , a variation of the amount of 
electric charge caused by photocurrent can be reduced, and accordingly the level of flicker generated can be reduced 
in comparison with the prior art device, albeit not perfectly prevented. 
55 [0036] In accordance with a second aspect of the invention, there is provided a reflective-type display device com- 
prising a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating 
layer disposed between the semiconductor substrate and the counter substrate, wherein: 
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on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
s having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
10 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

in each pixel, a photoelectric transducer electrically connected to the pixel electrode is provided on the semicon- 
ductor substrate, the photoelectric transducer wherein a photocurrent is produced by an incident light, and the 
photocurrent flows in a direction such that the photocurrent cancels a photocurrent produced in the pixel switching 
is element. 

[0037] By providing a pixel electrode having a reflective surface (i.e., a reflective pixel electrode), it becomes unnec- 
essary to independently provide a reflective layer. Therefore, a thickness of the reflective-type display device can be 
reduced. The reflective-type display device of the above-described configuration can also minimize a variation of the 
20 amount of electric charge of the pixel electrode caused by photocurrent. 

[0038] In accordance with a third aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

25 on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

30 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

the pixel electrode is composed of a pair of an n-channel MOS transistor and an p-channel MOS transistor each in 
35 which one of a drain electrode and a source electrode is connected to the signal line and the other one of the drain 
electrode and the source electrode is connected to the pixel electrode, 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

a photocurrent generated in the n-channel MOS transistor and a photocurrent generated in the p-channel MOS 
40 transistor flow in directions such that the photocurrents cancel each other. 

[0039] In the above-described display device, when part of the incident light leaks from the gap of the pixel elec- 
trodes and reaches the n-channel MOS transistor and the p-channel MOS transistor, photocurrents flowing such direc- 
tions as to cancel each other are generated in the MOS transistors. Thereby, a variation of the amount of electric charge 
45 in the pixel electrode caused by photocurrents can be minimized. 

[0040] It is to be noted here that the term "a pair of an n-channel MOS transistor and a p-channel MOS transistor" 
is intended to include all such variations that a pair of transistors, or a plurality of transistors are connected in series, or 
in parallel. 

[0041] In accordance with a fourth aspect of the invention, there is provided a reflective-type display device com- 
so prising a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating 
layer disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
55 correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
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electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
5 substrate, and 

a photocurrent generated in the n-channel MOS transistor and a photocurrent generated in the p-channel MOS 
transistor flow in directions such that the photocurrents cancel each other. 

[0042] By providing a pixel electrode having a reflective surface (i.e., a reflective pixel electrode), it becomes unnec- 
10 essary to independently provide a reflective layer. Therefore, a thickness of the reflective-type display device can be 
reduced. The reflective-type display device of the above-described configuration can also minimize a variation of the 
amount of electric charge of the pixel electrode caused by photocurrent as well as the display device of the third aspect 
of the invention. 

[0043] In accordance with a fifth aspect of the invention, there is provided a reflective-type display device as in the 
is third aspect of the invention, wherein: 

an electrode voltage of the counter substrate is approximately equal to V c , where a substrate bias voltage of an n- 
channel MOS transistor is V B1 , a substrate bias voltage of a p-channel MOS transistor is V B2 , and V c is a pixel 
electrode voltage such that a photocurrent in the n-channel MOS transistor and a photocurrent in the p-channel 
20 MOS transistor, both of which photocurrents being produced by an incident light, are made to be equal during a 
period in which the p-channel MOS transistor and the n-channel MOS transistor are switched off. 

[0044] A photocurrent generated in the n-channel MOS transistor (hereafter referred to as l P i) and a photocurrent 
generated in the p-channel MOS transistor (hereafter referred to as l P2 ) are dependent on a pixel electrode voltage 

25 (hereafter referred to as V s ). Here, when a pixel electrode voltage resulting in I P2 — I P1 =0 is defined as V c , if a voltage 
V C +V A and a voltage V c — V A , each in which a certain voltage value ±V A is added to V c , are alternately applied to the 
signal line as a pixel electrode voltage, the varied voltages of V s during the non-selected period have approximately the 
same absolute values but different signs. Therefore, the pixel electrode voltage results in a waveform such that an alter- 
nating voltage waveform symmetric with respect to positive and negative is superposed on the direct-current voltage 

30 V c . Hence, by setting V c to be an electrode voltage of the counter substrate, a direct current component is eliminated 
from the applied voltage to the light modulating layer, resulting in the same waveform in both even numbered frames 
and odd numbered frames, and a twofold frame period component seen in the prior art device is eliminated, thus pre- 
venting flicker regardless of the illuminance of the incident light. 

[0045] In accordance with a sixth aspect of the invention, there is provided a reflective-type display device as in the 
35 fourth aspect of the invention, wherein: 

an electrode voltage of the counter substrate is approximately equal to V c , where a substrate bias voltage of an n- 
channel MOS transistor is V B i , a substrate bias voltage of a p-channel MOS transistor is V B2 , and V c is a pixel 
electrode voltage such that a photocurrent in the n-channel MOS transistor and a photocurrent in the p-channel 
40 MOS transistor, both of which photocurrents being produced by an incident light, are made to be equal during a 
period in which the p-channel MOS transistor and the n-channel MOS transistor are switched off. 

[0046] In the above-described display device, basically the same advantageous effects as in the display device of 
the fifth aspect of the invention are achieved. 
45 [0047] In accordance with a seventh aspect of the invention, there is provided a reflective-type display device as in 
the fifth aspect of the invention, wherein: 

a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where the minimum modula- 
tion voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectivity R max is 
so obtained in the case where a voltage-reflectivity characteristic of the light-modulating layer is a normally-off type, 
or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a voltage- reflectivity char- 
acteristic of the light-modulating layer is a normally-on type. 

[0048] In the above-described display device, an amplitude (dynamic range) of the applied voltage sufficient to 
55 drive the light modulating layer without trouble is ensured, and also an image with a sufficient contrast and luminance 
is achieved. The reason is described in the following. A photocurrent generated in the n-channel MOS transistor 
(referred to as l P1 ) and a photocurrent generated in the p-channel MOS transistor (referred to as l P2 ) are approximately 
proportional to a square root of (V s — V B1 ) and (V B2 — V s ) respectively. Note that V s denotes a pixel electrode voltage. 
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Here, if the proportional constants of l P1 and l P i are extremely different, a value of V s at the intersectional point of the 
two curves becomes exceedingly close to either V B i or V B2 , and thus a sufficient dynamic range cannot be obtained 
(see Fig. 10). 

[0049] Here, in order to properly operate the MOS transistors, the pixel electrode voltage must be smaller than V B2 
5 and also larger than V B i . Hence, an amplitude of the applied voltage to the light modulating layer cannot be made larger 
than the smaller one of (V B2 — V c ) and (V c — V B i). In addition, in order to obtain an image with a sufficient contrast and 
luminance, a reflectivity (luminance) must be varied with a sufficient range of bright to dark within a range of applied 
voltage to the light modulating layer. Accordingly, where a minimum voltage necessary to vary the reflectivity with a suf- 
ficient range of bright to dark is defined as a minimum modulation voltage V M , when the minimum modulation voltage 
10 V M is made smaller than the smaller one of (V B2 — V c ) and (V c — V B i), the above-described condition can be satisfied 
(see Fig. 11), and an image with a sufficient contrast and luminance can be achieved. 

[0050] In accordance with an eighth aspect of the invention, there is provided a reflective-type display device as in 
the sixth aspect of the invention, wherein: 

15 a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where the minimum modula- 
tion voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectivity R max is 
obtained in the case where a voltage-reflectivity characteristic of the light-modulating layer is a normally-off type, 
or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a voltage-reflectivity char- 
acteristic of the light-modulating layer is a normally-on type. 

20 

[0051] In the above-described display device, basically the same advantageous effects as in the display device of 
the seventh aspect of the invention are achieved. 

[0052] In accordance with a ninth aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
25 disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
30 layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
35 the reflective-type display device characterized in that: 

the pixel electrode is composed of a MOS transistor in which one of a drain electrode and a source electrode is 
electrically connected to the signal line and the other one of the drain electrode and the source electrode is electri- 
cally connected to the pixel electrode, 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
40 substrate, and 

in each pixel, a diode electrically connected to the pixel electrode is provided on the semiconductor substrate, the 
diode wherein a conduction type of a semiconductor region connected to the pixel electrode is different from a con- 
duction type of a semiconductor region connected to the pixel electrode in the MOS transistor, and a photocurrent 
produced in the diode flows in a direction such that the photocurrent cancels a photocurrent produced in the pixel 
45 switching element. 

[0053] In the above-described display device, when part of the incident light leaks from the gap between the pixel 
electrodes and reaches the diode, a photocurrent flowing in a direction such that a photocurrent generated in the MOS 
transistor is cancelled is produced. Thereby, a variation of the amount of electric charge in the pixel electrode caused 
so by photocurrent can be minimized. 

[0054] In addition, since a diode is employed as a photoelectric transducer for canceling the photocurrent gener- 
ated in the pixel switching element in the above-described display device, the following advantageous effects are 
attained. 

55 (1) In comparison with a device configuration employing MOS transistors as photoelectric transducers, the above- 
described device configuration can reduce an area occupied by the transducers in the semiconductor substrate 
and in addition, can eliminate scanning lines required in the device employing MOS transistors. As a result, extra 
flexibility is given to device-design and arrangement, and further reduction in device sizes can be made possible. 
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(2) By utilizing the extra flexibility in device design and arrangement, it is also made possible to increase a channel 
width of the MOS transistor. Thereby, a time constant of charging can be reduced, and additional capacitances can 
be ensured in the light modulating layer and the storage capacitor, making it possible to suppress a variation of 
effective values of applying voltage to the light modulating layer. 

5 

[0055] In accordance with a 1 0th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

10 on the semiconductor substrate, a pixel switching element is formed at each intersect ional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

is the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective type display device characterized in that: 

the pixel electrode is composed of a MOS transistor in which one of a drain electrode and a source electrode is 
20 electrically connected to the signal line and the other one of the drain electrode and the source electrode is electri- 
cally connected to the pixel electrode, 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

in each pixel, a diode electrically connected to the pixel electrode is provided on the semiconductor substrate, the 
25 diode wherein a conduction type of a semiconductor region connected to the pixel electrode is different from a con- 
duction type of a semiconductor region connected to the pixel electrode in the MOS transistor, and a photocurrent 
produced in the diode flows in a direction such that the photocurrent cancels a photocurrent produced in the pixel 
switching element. 

30 [0056] In the above-described display device, basically the same advantageous effects as in the display device of 
the ninth aspect of the invention are achieved. 

[0057] In accordance with an 1 1th aspect of the invention, there is provided a reflective-type display device as in 
the ninth aspect of the invention, wherein: 

35 an electrode voltage of the counter substrate is approximately equal to V c , where a substrate bias voltage of the 
MOS transistor is V B1 , an electrode voltage of an electrode in the diode not connected to the pixel electrode is V B2 , 
and V c is a pixel electrode voltage such that a photocurrent in the MOS transistor and a photocurrent in the diode, 
both which photocurrents being produced by an incident light, are made to be equal during a period in which an the 
MOS transistor is switched off. 

40 

[0058] In the above-described display device, basically the same advantageous effects as in the display device of 
the fifth aspect of the invention are achieved. 

[0059] In accordance with a 1 2th aspect of the invention, there is provided a reflective-type display device as in the 
tenth aspect of the invention, wherein: 

45 

an electrode voltage of the counter substrate is approximately equal to V c , where a substrate bias voltage of the 
MOS transistor is V B1 , an electrode voltage of an electrode in the diode not connected to the pixel electrode is V B2 , 
and V c is a pixel electrode voltage such that a photocurrent in the MOS transistor and a photocurrent in the diode, 
both which photocurrents being produced by an incident light, are made to be equal during a period in which an the 
so MOS transistor is switched off. 

[0060] In the above-described display device, basically the same advantageous effects as in the display device of 
the fifth aspect of the invention are achieved. 

[0061 ] In accordance with a 1 3th aspect of the invention, there is provided a reflective-type display device as in the 
55 1 1th aspect of the invention, wherein: 

a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where the minimum modula- 
tion voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectivity R max is 
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obtained in the case where a voltage-reflectivity characteristic of the light-modulating layer is a normally-off type, 
or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a voltage-reflectivity char- 
acteristic of the light-modulating layer is a normally-on type. 

5 [0062] In the above-described display device, by basically the operation as in the device of the foregoing seventh 
aspect of the invention, a dynamic range sufficient for driving the light modulating layer can be ensured, the MOS tran- 
sistors can be properly operated, and an image with a sufficient contrast and high luminance can be achieved. 
[0063] In accordance with a 1 4th aspect of the invention, there is provided a reflective-type display device as in the 
12th aspect of the invention, wherein: 

10 

a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where the minimum modula- 
tion voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectivity R max is 
obtained in the case where a voltage-reflectivity characteristic of the light-modulating layer is a normally-off type, 
or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a voltage-reflectivity char- 
15 acteristic of the light-modulating layer is a normally-on type. 

[0064] In the above-described display device, basically the same advantageous effects as in the display device of 
the 13th aspect of the invention are achieved. 

[0065] In accordance with a 1 5th aspect of the invention, there is provided a reflective-type display device compris- 
20 ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
25 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
30 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

the storage capacitor is formed of a thin film substantially composed of a ferroelectric material. 

35 

[0066] In this configuration, since a relative dielectric constant of a ferroelectric material is approximately 1000, 
which is far larger than the relative dielectric constant of Si0 2 in the prior art device being approximately 4, a far larger 
storage capacitance C stg can be obtained even if the geometrical shape of the capacitor is the same as that of the prior 
art device, and thus flicker can be suppressed. 
40 [0067] In accordance with a 1 6th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
45 signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
so electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

55 the storage capacitor is formed of a thin film substantially composed of a ferroelectric material. 

[0068] In the above-described display device, basically the same advantageous effects as in the display device of 
the 15th aspect of the invention are achieved. 
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[0069] In accordance with a 1 7th aspect of the invention, there is provided a reflective-type display device as in the 
15th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
line. 

5 [0070] In the above-described display device, since a voltage at one end of the storage capacitor can be reliably 
fixed at a certain voltage, a voltage variation at the other end (an end which is connected to the pixel electrode) can be 
also reduced, which achieves further reduction of flicker. 

[0071] In accordance with an 18th aspect of the invention, there is provided a reflective-type display device as in 
the 16th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal 
10 line and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common 
voltage line. 

[0072] In the above-described display device, basically the same advantageous effects as in the display device of 
the 1 7th aspect of the invention are achieved. 

[0073] In accordance with a 1 9th aspect of the invention, there is provided a reflective-type display device as in the 
is 15th aspect of the invention, wherein a thickness of the ferroelectric thin film is in the range of 2 nm to 5 urn. 

[0074] The above-described display device is free from the occurrence of tunnel current (which becomes conspic- 
uous when the thickness is smaller than 2 nm), and stable operation is realized. The above-described display device is 
also free from the detachment of film (which becomes conspicuous when the thickness is larger than 50 ^im), and high 
production yield is achieved in the fabrication of reflective-type display devices. 
20 [0075] In accordance with a 20th aspect of the invention, there is provided a reflective-type display device as in the 
16th aspect of the invention, wherein a thickness of the ferroelectric thin film is in the range of 2 nm to 5 nm. 
[0076] In the above-described display device, basically the same advantageous effects as in the display device of 
the 19th aspect of the invention are achieved. 

[0077] In accordance with a 21st aspect of the invention, there is provided a reflective-type display device compris- 
es ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
30 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
35 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

the storage capacitor is formed of a thin film substantially composed of one of Ta 2 0 5 , Y 2 0 3 , Hf0 2 , Ti0 2 , Zr0 2 , and 
40 Nb20 5 . 

[0078] In this display device, the relative dielectric constants of these materials are more than 10, which are far 
larger than the dielectric constant of Si0 2 used in prior art devices, which is approximately 4. Therefore, flicker is sup- 
pressed to a remarkable degree although it may not be as remarkable as in the case of the ferroelectric thin film in the 
45 1 1th aspect of the invention. 

[0079] In accordance with a 22nd aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

so on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

55 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 



12 



EP 1 037 093 A1 



in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

the storage capacitor is formed of a thin film substantially composed of one of Ta 2 0 5 , Y 2 0 3 , Hf0 2 , Ti0 2 , Zr0 2 , and 
Nb20 5 . 

5 

[0080] In the above-described display device, basically the same advantageous effects as in the display device of 
the 21st aspect of the invention are achieved. 

[0081 ] In accordance with a 23rd aspect of the invention, there is provided a reflective-type display device as in the 
21st aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
10 and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
line. 

[0082] In accordance with a 24th aspect of the invention, there is provided a reflective-type display device as in the 
22nd aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
is line. 

[0083] In accordance with a 25th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

20 on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

25 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
30 substrate, and 

a groove is provided on a surface of the semiconductor substrate, and at least a part of the storage capacitor is 
formed on a side wall of the groove. 

[0084] By utilizing the side wall of the groove, the storage capacitor can be formed to have a large area, and thus 
35 flicker is suppressed. 

[0085] In accordance with a 26th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

40 on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

45 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
so substrate, 

a groove is provided on a surface of the semiconductor substrate, and at least a part of the storage capacitor is 
formed on a side wall of the groove. 

[0086] In the above-described display device, basically the same advantageous effects as in the display device of 
55 the 25th aspect of the invention are achieved. 

[0087] In accordance with a 27th aspect of the invention, there is provided a reflective-type display device as in the 
25th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
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line. 

[0088] In accordance with a 28th aspect of the invention, there is provided a reflective-type display device as in the 
26th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
5 line. 

[0089] In accordance with a 29th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

10 on the semiconductor substrate, a pixel switching element is formed at each intersect ional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

is the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
20 substrate, 

an upper surface of the pixel switching element is covered with an insulating layer, and 
at least part of the storage capacitor is formed on the insulating layer. 

[0090] In the above-described display device, the storage capacitor is formed even in an upper part of the pixel 
25 switching element, and thereby further larger capacitance value C stg is obtained. Thus, flicker is suppressed. 

[0091 ] In accordance with a 30th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

30 on the semiconductor substrate, a pixel switching element is formed at each intersect ional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

35 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
40 substrate, and 

at least part of the storage capacitor is formed on the insulating layer. 

[0092] In the above-described display device, basically the same advantageous effects as in the display device of 
the 29th aspect of the invention are achieved. 
45 [0093] In accordance with a 31 st aspect of the invention, there is provided a reflective-type display device as in the 
29th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
line. 

[0094] In accordance with a 32nd aspect of the invention, there is provided a reflective-type display device as in the 
so 30th aspect of the invention, wherein a common voltage line arranged approximately parallel to one of the signal line 
and the scanning line is provided, and one end of the storage capacitor is electrically connected to the common voltage 
line. 

[0095] In accordance with a 33rd aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
55 disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersect ional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
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correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
5 electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 

the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

10 a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in the pixel switch- 
ing element. 

[0096] In the above-described display device, a photoleakage current between the drain and the source in the MOS 
transistor (this is omitted in expression (4)) is suppressed, and thus flicker is suppressed. 
is [0097] In accordance with a 34th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
20 lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
25 electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

30 a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in the pixel switch- 
ing element. 

[0098] In a reflective-type display device having such a configuration that a thin film transistor (TFT) as the pixel 
switching element is formed on, for example, a glass substrate as the insulating substrate, flicker is suppressed by the 
35 same operation as in the foregoing 33rd aspect of the invention. 

[0099] In accordance with a 35th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

40 on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

45 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
so substrate, and 

a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in the pixel switch- 
ing element. 

[0100] In the above-described display device, basically the same advantageous effects as in the display device of 
55 the 33rd aspect of the invention are achieved. 

[01 01 ] In accordance with a 36th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 
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on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
s having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
10 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in the pixel switch- 
ing element. 

is [0102] In the above-described display device, basically the same advantageous effects as in the display device of 
the 34th aspect of the invention are achieved. 

[0103] In accordance with a 37th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

20 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
25 pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
30 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

the storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 conductor 
layers or between N+1 semiconductor layers, and in the N+1 conductor layers or N+1 semiconductor layers, 2 to N 
layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

35 

[0104] In the above-described display device, the storage capacitor can be formed in a multi-layered form, which 
can increase the capacitance by approximately N times as high, and thus flicker is suppressed. 
[0105] In accordance with a 38th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
40 ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
45 layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
so the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

the storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 conductor 
layers or between N+1 semiconductor layers, and in the N+1 conductor layers or N+1 semiconductor layers, 2 to N 
55 layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

[0106] In a reflective-type display device having such a configuration that a thin film transistor as the pixel switching 
element is formed on, for example, a glass substrate as the insulating substrate, flicker is suppressed by the same oper- 
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ation as in the foregoing 37th aspect of the invention. 

[0107] In accordance with a 39th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

5 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
10 having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
is in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

the storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 conductor 
layers or between N+1 semiconductor layers, and in the N+1 conductor layers or N+1 semiconductor layers, 2 to N 
layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

20 

[0108] By the same operation as in the foregoing 41st aspect of the invention, flicker is suppressed. 
[0109] In accordance with a 40th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

25 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
30 having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
35 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

the storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 conductor 
layers or between N+1 semiconductor layers, and in the N+1 conductor layers or N+1 semiconductor layers, 2 to N 
layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

40 

[0110] By the same operation as in the foregoing 37th aspect of the invention, flicker is suppressed. 
[01 1 1 ] In accordance with a 41 st aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

45 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
so pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
55 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

one or more insulating layers is/are provided over the pixel switching element, the one or more insulating layers 
including at least one insulating layer composed of an organic insulator containing carbon particles. 
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[0112] In the above-described display device, the incident light is effectively blocked by the organic insulator con- 
taining carbon particles, and thereby photoleakage current is reduced, resulting in the suppression of flicker. 
[01 1 3] In accordance with a 42nd aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
5 ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
10 layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
is the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

one or more insulating layers is/are provided over the pixel switching element, the one or more insulating layers 
including at least one insulating layer composed of an organic insulator containing carbon particles. 

20 

[0114] In a reflective-type display device having such a configuration that a thin film transistor (TFT) as the pixel 
switching element is formed on, for example, a glass substrate as the insulating substrate, flicker is suppressed by the 
same operation as in the foregoing 41st aspect of the invention. 

[01 1 5] In accordance with a 43rd aspect of the invention, there is provided a reflective-type display device compris- 
es ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
30 correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
35 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, and 

one or more insulating layers is/are provided over the pixel switching element, the one or more insulating layers 
40 including at least one insulating layer composed of an organic insulator containing carbon particles. 

[01 1 6] By the same operation as in the foregoing 41 st aspect of the invention, flicker is suppressed. 
[01 1 7] In accordance with a 44th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
45 ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
so disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
55 the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, and 

one or more insulating layers is/are provided over the pixel switching element, the one or more insulating layers 
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including at least one insulating layer composed of an organic insulator containing carbon particles. 

[0118] By the same operation as in the foregoing 42nd aspect of the invention, flicker is suppressed. 
[01 1 9] In accordance with a 45th aspect of the invention, there is provided a reflective-type display device compris- 
5 ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines arranged in a matrix such as to cor- 
10 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
is the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, 

a layer of conductor or semiconductor is formed over the pixel switching element so that an insulating layer is dis- 
20 posed between the pixel switching element and the layer of conductor or semiconductor, the layer of conductor or 
semiconductor constituting a light blocking layer separately provided for each pixel, and 

a distance between a foot of a perpendicular dropped from a center of a channel in the pixel switching element to 
a plane of the light blocking layer and a centroid of the light blocking layer is equal to or less than 2/3 of a square 
root of an area of the light blocking layer. 

25 

[0120] In the above-described display device, the pixel switching element is located under the center of the light 
blocking layer, and thereby a leaked light from the gap between the pixel electrodes does not easily reach the pixel 
switching element. As a result, photoleakage current is reduced, and accordingly flicker is suppressed. 
[01 21 ] In accordance with a 46th aspect of the invention, there is provided a reflective-type display device compris- 
30 ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
35 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
40 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, 

a layer of conductor or semiconductor is formed over the pixel switching element so that an insulating layer is dis- 
45 posed between the pixel switching element and the layer of conductor or semiconductor, the layer of conductor or 
semiconductor constituting a light blocking layer separately provided for each pixel, and 

a distance between a foot of a perpendicular dropped from a center of a channel in the pixel switching element to 
a plane of the light blocking layer and a centroid of the light blocking layer is equal to or less tan 2/3 of a square root 
of an area of the light blocking layer. 

50 

[0122] By the same operation as in the foregoing 45th aspect of the invention, flicker is suppressed. 
[0123] In accordance with a 47th aspect of the invention, there is provided a reflective-type display device compris- 
ing a semiconductor substrate, a transparent counter substrate having a transparent electrode, a light-modulating layer 
disposed between the semiconductor substrate and the counter substrate, wherein: 

55 

on the semiconductor substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to 
correspond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode is disposed, 
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the pixel electrode electrically connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
5 the applied voltage, 

the reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the semiconductor 
substrate, 

a layer of conductor or semiconductor is formed over the pixel switching element so that an insulating layer is dis- 
10 posed between the pixel switching element and the layer of conductor or semiconductor, the layer of conductor or 
semiconductor constituting a light blocking layer separately provided for each pixel, and 

a distance between a foot of a perpendicular dropped from a center of a channel in the pixel switching element to 
a plane of the light blocking layer and a centroid of the light blocking layer is equal to or less than 2/3 of a square 
root of an area of the light blocking layer. 

15 

[0124] By the same operation as in the foregoing 45th aspect of the invention, flicker is suppressed. 
[0125] In accordance with a 48th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

20 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
25 having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
30 in each pixel, a storage capacitor electrically connected to the pixel electrode is provided on the insulating sub- 
strate, 

a layer of conductor or semiconductor is formed over the pixel switching element so that an insulating layer is dis- 
posed between the pixel switching element and the layer of conductor or semiconductor, the layer of conductor or 
semiconductor constituting a light blocking layer separately provided for each pixel, and 
35 a distance between a foot of a perpendicular dropped from a center of a channel in the pixel switching element to 
a plane of the light blocking layer and a centroid of the light blocking layer is equal to or less than 2/3 of a square 
root of an area of the light blocking layer. 

[0126] By the same operation as in the foregoing 45th aspect of the invention, flicker is suppressed. 
40 [0127] In accordance with a 49th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
45 lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
so electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

an antireflection-treated layer is formed on a lower surface of the insulating substrate. 

55 [0128] In the above-described display device, in the light incoming from the side of the counter substrate, a light 
passing through the transparent insulating substrate is reflected at the lower surface (back surface) of the insulating 
substrate, and thereby the light which enters the pixel switching element can be reduced. As a result, flicker is sup- 
pressed. 
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[0129] In accordance with a 50th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

5 on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 

lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

10 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

an antiref lection-treated layer is formed on a lower surface of the insulating substrate. 

15 

[0130] In addition to the advantageous effects in the foregoing 49th aspect of the invention, it is made possible to 
reduce a thickness of the reflective-type display device since it is unnecessary to separately provide a reflective layer. 
[0131] In accordance with a 51st aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
20 ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
25 layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
30 the reflective-type display device characterized in that: 

a film plate provided with an antireflection-treated layer on one of the surfaces of the film plate is attached on a 
lower surface of the insulating substrate by an adhesive layer provided with the other surface of the film plate, and 
reflective indices of the insulating substrate, the adhesive layer, and the film plate are approximately equal. 

35 [0132] In this device as well, flicker can be reduced for the same reason as in the 49th aspect of the invention. In 
addition, since the antiref lection treated layer is formed on the film plate in advance, the film plate with the antiref lection 
treated layer is attached on the lower surface of the insulating substrate in the device fabrication, which makes the fab- 
rication of the device simpler. Furthermore, attaching the film plate can be implemented after testing whether the device 
(except the film plate) is good or bad, and therefore it is unnecessary to destroy an entire device having the film plate, 

40 achieving cost reduction. 

[0133] In accordance with a 52nd aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

45 on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

so the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

a film plate provided with an antireflection-treated layer on one of the surfaces of the film plate is attached on a 
55 lower surface of the insulating substrate by an adhesive layer provided with the other surface of the film plate, and 
reflective indices of the insulating substrate, the adhesive layer, and the film plate are approximately equal. 

[0134] In addition to the advantageous effects in the foregoing 51st aspect of the invention, it is made possible to 
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reduce a thickness of the reflective-type display device since it is unnecessary to separately provide a reflective layer. 

[0135] In accordance with a 53rd aspect of the invention, there is provided a reflective-type display device as in the 

51st aspect of the invention, wherein the film plate has a function for absorbing a part of an incident light. 

[0136] In the above-described display device, further reduction of flicker is achieved since the incident light is 
5 absorbed by the film plate. 

[0137] In accordance with a 54th aspect of the invention, there is provided a reflective-type display device as in the 

52nd aspect of the invention, wherein the film plate has a function for absorbing a part of an incident light. 

[0138] In the above-described display device, substantially the same advantageous effects as in the display device 

of the 53rd aspect of the invention are achieved. 
10 [0139] In accordance with a 55th aspect of the invention, there is provided a reflective-type display device as in the 

53rd aspect of the invention, wherein the film plate is a polarizing plate. 

[0140] In the above-described display device, in a light entering the insulating substrate, a polarized light compo- 
nent parallel to the absorbing axis of the polarizing plate is at first absorbed by the polarizing plate. A component in a 
direction of transmitting axis is allowed to pass through the insulating substrate. The light coming out of the insulating 

is substrate reflects at an object outside the device, for example, at a casing enclosing the device, and reenters the insu- 
lating substrate. Here, the direction of polarization is in most cases rotated by the reflection at the object outside the 
device, and therefore the reflected light is absorbed by the insulating substrate. Hence, the incident light does not reach 
the pixel switching element formed on the insulating substrate, and thus, the occurrence of flicker can be prevented. 
[0141 ] In accordance with a 56th aspect of the invention, there is provided a reflective-type display device as in the 

20 54th aspect of the invention, wherein the film plate is a polarizing plate. 

[0142] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 55th aspect of the invention are achieved. 

[0143] In accordance with a 57th aspect of the invention, there is provided a reflective-type display device as in the 
53rd aspect of the invention, wherein the film plate comprises a layered structure composed of a polarizing plate and a 
25 retardation plate. 

[0144] When the incident light passes through the retardation plate, the phase is shifted. Therefore, it is possible to 
make a component of the incident light be in agreement with the absorbing axis of the polarizing plate by for example 
adjusting the retardation of the retardation plate, and thereby the incident light can be efficiently absorbed. 
[0145] In accordance with a 58th aspect of the invention, there is provided a reflective-type display device as in the 
30 54th aspect of the invention, wherein the film plate comprises a layered structure composed of a polarizing plate and a 
retardation plate. 

[0146] When the incident light passes through the retardation plate, the phase is shifted. Therefore, it is possible to 
make a component of the incident light be in agreement with the absorbing axis of the polarizing plate by for example 
adjusting the retardation of the retardation plate, and thereby the incident light can be efficiently absorbed. 
35 [0147] In accordance with a 59th aspect of the invention, there is provided a reflective-type display device as in the 
57th aspect of the invention, wherein a retardation of the retardation plate is approximately A/4, where A, is a wavelength 
of the incident light. 

[0148] Among the incident light components passing through the insulting substrate, a polarized light component 
parallel to the absorbing axis of the polarizing plate is absorbed by the polarizing plate. The light component parallel to 

40 the transmitting axis is allowed to pass through. The retardation plate shifts the phase by A/4. When the shifted light 
reflects outside the device and reenters the insulating substrate, the retardation plate again shifts the phase by A/4. 
Consequently the light reentering the polarizing plate has a phase of A/2, which is in agreement with the absorbing axis 
of the polarizing plate. As a result, the light is again absorbed in the polarizing plate. Thus, in the above-described dis- 
play device, the light reflected outside the device is also absorbed by the polarizing plate, and thereby it is made possi- 

45 ble to prevent a variation of pixel electrode voltages caused by the reflected light at the back surface of the insulating 
substrate. 

[0149] In accordance with a 60th aspect of the invention, there is provided a reflective-type display device as in the 
58th aspect of the invention, wherein a retardation of the retardation plate is approximately A/4, where A, is a wavelength 
of the incident light. 

so [01 50] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 59th aspect of the invention are achieved. 

[0151] In accordance with a 61st aspect of the invention, there is provided a reflective-type display device as in the 
55th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 
is approximately equal to a direction of polarization of the incident light. 
55 [0152] By making the absorbing axis of the polarizing plate approximately in agreement with the direction of polar- 
ization of the polarizing plate, it is achieved that most of the incident light is absorbed by the polarizing plate. 
[0153] In accordance with a 62nd aspect of the invention, there is provided a reflective-type display device as in the 
56th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 



22 



EP 1 037 093 A1 



is approximately equal to a direction of polarization of the incident light. 

[0154] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 61st aspect of the invention are achieved. 

[0155] In accordance with a 63rd aspect of the invention, there is provided a reflective-type display device as in the 
5 57th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 
is approximately equal to a direction of polarization of the incident light. 

[0156] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 61st aspect of the invention are achieved. 

[0157] In accordance with a 64th aspect of the invention, there is provided a reflective-type display device as in the 
10 58th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 
is approximately equal to a direction of polarization of the incident light. 

[0158] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 61st aspect of the invention are achieved. 

[0159] In accordance with a 65th aspect of the invention, there is provided a reflective-type display device as in the 
is 59th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 
is approximately equal to a direction of polarization of the incident light. 

[0160] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 61st aspect of the invention are achieved. 

[0161 ] In accordance with a 66th aspect-of the invention, there is provided a reflective-type display device as in the 
20 60th aspect of the invention, wherein an incident light is a polarized light, and an absorbing axis of the polarizing plate 
is approximately equal to a direction of polarization of the incident light. 

[0162] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 61st aspect of the invention are achieved. 

[0163] In accordance with a 67th aspect of the invention, there is provided a reflective-type display device as in the 
25 55th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 
[0164] In the above-described display device, the direction of polarization of the light entering the polarizing plate 
becomes the same as the absorbing axis of the polarizing plate, and thereby it is achieved that most of the incident light 
30 is absorbed by the polarizing plate. 

[0165] In accordance with a 68th aspect of the invention, there is provided a reflective-type display device as in the 
56th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 
35 [0166] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 67th aspect of the invention are achieved. 

[0167] In accordance with a 69th aspect of the invention, there is provided a reflective-type display device as in the 
57th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
40 an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 

[0168] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 67th aspect of the invention are achieved. 

[0169] In accordance with a 70th aspect of the invention, there is provided a reflective-type display device as in the 
58th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
45 mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 
[0170] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 67th aspect of the invention are achieved. 

[0171] In accordance with a 71st aspect of the invention, there is provided a reflective-type display device as in the 
so 59th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 
[0172] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 67th aspect of the invention are achieved. 
55 [01 73] In accordance with a 72nd aspect of the invention, there is provided a reflective-type display device as in the 
60th aspect of the invention, wherein an incident light is a polarized light, the light modulating layer is a twisted-nematic 
mode liquid crystal layer, and an absorbing axis of the polarizing plate is approximately equal to such a direction that 
an angle of twist of the liquid crystal is added to a direction of polarization of the polarized light. 
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[0174] In the above-described display device, substantially the same advantageous effects as in the display device 
of the 67th aspect of the invention are achieved. 

[0175] In accordance with a 73rd aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
5 ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
10 layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 
is the reflective-type display device characterized in that: 

a light absorbing layer is formed on a lower surface of the insulating substrate. 

[0176] In the above-described display device, it is achieved that the incident light passing through the insulating 
substrate is led to the light absorbing layer without being reflected at the lower surface (back surface) of the insulating 
20 substrate, and the light is completely absorbed in the light absorbing layer. 

[0177] In accordance with a 74th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

25 on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
having a reflective surface formed on a surface thereof, and 

30 the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 

a light absorbing layer is formed on a lower surface of the insulating substrate. 

35 

[0178] In the above-described display device, it is achieved that the incident light passing through the insulating 
substrate is led to the light absorbing layer without being reflected at the lower surface (back surface) of the insulating 
substrate, and the light is completely absorbed in the light absorbing layer. 

[0179] In accordance with a 75th aspect of the invention, there is provided a reflective-type display device compris- 
40 ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and the scanning lines arranged in a matrix such as to cor- 
45 respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode and a reflective 
layer are formed so that the reflective layer is layered over the pixel electrode, the pixel electrode provided for each 
pixel and electrically connected to the signal line via the pixel switching element, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
so the applied voltage, 

the reflective-type display device characterized in that: 

a film plate in which a material for absorbing an incident light is dispersed is attached on a lower surface of the insu- 
lating substrate by an adhesive layer interposed between the film plate and the insulating substrate, the material 
including one of a dye, a pigment, and a colorant, and 
55 reflective indices of the insulating substrate, the adhesive layer, and the film plate are approximately equal. 

[0180] In the above-described display device, the incident light is absorbed by dye and the like when it passes 
through the film plate containing dye and the like. Thereby, interfacial reflection at the back surface of the insulating sub- 
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strate can be prevented. 

[0181 ] In accordance with a 76th aspect of the invention, there is provided a reflective-type display device compris- 
ing a transparent insulating substrate, a transparent counter substrate having a transparent electrode, a light-modulat- 
ing layer disposed between the insulating substrate and the counter substrate, wherein: 

5 

on the insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of signal 
lines and a plurality of scanning lines, the signal lines and scanning lines being arranged in a matrix so as to cor- 
respond to a matrix of a pixel arrangement, and over the pixel switching element, a pixel electrode electrically is 
disposed, the pixel electrode connected to the signal line via the pixel switching element and the pixel electrode 
10 having a reflective surface formed on a surface thereof, and 

the reflective-type display device implements a display operation by applying a voltage between the transparent 
electrode and the pixel electrode such as to change an optical status of the light modulating layer in response to 
the applied voltage, 

the reflective-type display device characterized in that: 
is a film plate in which a material for absorbing an incident light is dispersed is attached on a lower surface of the insu- 
lating substrate by an adhesive layer interposed between the film plate and the insulating substrate, the material 
including one of a dye, a pigment, and a colorant, 

reflective indices of the insulating substrate, the adhesive layer, and the film plate are approximately equal. 

20 [0182] In the above-described display device, the incident light is absorbed by dye and the like when it passes 
through the film plate containing dye and the like. Thereby, interfacial reflection at the back surface of the insulating sub- 
strate can be prevented. 

[0183] In accordance with a 77th aspect of the invention, there is provided an image device comprising a light 
source, a semitransparent mirror, and a liquid crystal light valve, wherein the liquid crystal light valve is composed of a 

25 reflective-type display device as in the first aspect of the invention. 

[0184] By the above-described configuration, an image device that achieves high quality images is realized. 
[0185] In accordance with a 78th aspect of the invention, there is provided an image device comprising a light 
source, a semitransparent mirror, and a liquid crystal light valve, wherein the liquid crystal light valve is composed of a 
reflective-type display device as in the second aspect of the invention. 

30 [0186] By the above-described configuration, an image device that achieves high quality images is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0187] 

35 

Fig. 1 is a schematic view illustrating a construction of a liquid crystal projector in which a reflective-type LCD 
device according to the present invention is used. 

Fig. 2 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 1 . 
Fig. 3 is a horizontal sectional view of a reflective-type LCD device illustrating an arrangement of MOS transistors. 
40 Fig. 4 is a horizontal sectional view of a reflective-type LCD device illustrating a wiring arrangement of signal lines, 
common voltage lines, scanning lines and so forth. 

Fig. 5 is a circuit diagram illustrating an equivalent circuit of one single pixel of a reflective-type LCD device in 
accordance with Embodiment 1 . 

Fig. 6 is a waveform chart illustrating an operation of a reflective-type LCD device in accordance with Embodiment 

45 1. 

Fig. 7 is a diagram for deriving expression (15). 

Figs. 8(a) and 8(b) are diagrams illustrating a relationship of a photocurrent and a pixel electrode voltage V s in a 
reflective-type LCD device in accordance with Embodiment 1 . 

Fig. 9 is a waveform chart showing a response waveform of liquid crystal in a reflective-type LCD device in accord- 
so ance with Embodiment 1 . 

Figs. 1 0(a) and 1 0(b) are diagrams illustrating a relationship of photocurrents l P1 and l P2 and bias voltages V B1 and 

V B2 - 

Figs. 11(a) to 11(d) are diagrams illustrating a relationship of a minimum modulation voltage V M and a reflective 
rate (luminance). 

55 Fig. 12 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 2. 

Fig. 13 is a circuit diagram showing an equivalent circuit for one single pixel of a reflective-type LCD device in 
accordance with Embodiment 2. 

Fig. 14 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 3. 
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Fig. 15 is an enlarged view of a portion A1 in Fig. 14. 

Fig. 16 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 5. 

Fig. 1 7 is a vertical sectional view illustrating another example of a configuration in which a capacitance is obtained 

by a side wall of a groove. 

Fig. 18 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 4. 

Fig. 19 a vertical sectional view illustrating further another example of a configuration in which a capacitance is 

obtained by a side wall of a groove. 

Fig. 20 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 7. 
Fig. 21 is a cross-sectional view taken along the line X3-X3 in Fig. 20. 
Fig. 22 is a cross-sectional view taken along the line X4-X4 in Fig. 20. 
Fig. 23 is a cross-sectional view taken along the line X5-X5 in Fig. 20. 

Fig. 24 is a circuit diagram illustrating an equivalent circuit of one single pixel of a reflective-type LCD device in 
accordance with Embodiment 7. 

Fig. 25 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 8. 
Fig. 26 is an enlarged view of a portion A2 in Fig. 25. 

Fig. 27 is a horizontal sectional view of a reflective-type LCD device in accordance with Embodiment 9. 
Fig. 28 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 9. 
Fig. 29 is an enlarged view of a portion A3 in Fig. 28. 

Fig. 30 is a vertical sectional view illustrating another example of capacitance retention in a multi-layer configura- 
tion. 

Fig. 31 is a vertical sectional view illustrating further another example of capacitance retention in a multi-layer con- 
figuration. 

Fig. 32 is a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 10. 

Fig. 33 is a horizontal sectional view of a reflective-type LCD device in accordance with Embodiment 1 1 . 

Fig. 34 is a diagrammatic view for illustrating a relationship of locations of a light blocking layer 208 and a channel 

225. 

Fig. 35 is a plan view of a reflective-type LCD device in accordance with Embodiment 12. 

Fig. 36 is an enlarged view of a portion A4 in Fig. 35. 

Fig. 37 is a cross-sectional view taken along the line Y1 -Y1 in Fig. 35. 

Fig. 38 is a plan view of a reflective-type LCD device in accordance with Embodiment 13. 

Fig. 39 is an enlarged view of a portion A5 in Fig. 38. 

Fig. 40 is a cross-sectional view taken along the line Y2-Y2 in Fig. 38. 

Fig. 41 is a plan view of a reflective-type LCD device in accordance with Embodiment 14. 

Fig. 42 is an enlarged view of a portion A6 in Fig. 41 . 

Fig. 43 is a cross-sectional view taken along the line Y3-Y3 in Fig. 41 . 

Fig. 44 is a plan view of a reflective-type LCD device in accordance with Embodiment 15. 

Fig. 45 is an enlarged view of a portion A7 in Fig. 44. 

Fig. 46 is a cross-sectional view taken along the line Y4-Y4 in Fig. 44. 

Fig. 47 is a plan view of a reflective-type LCD device in accordance with Embodiment 16. 

Fig. 48 is an enlarged view of a portion A8 in Fig. 47. 

Fig. 49 is a cross-sectional view taken along the line Y5-Y5 in Fig. 47. 

Fig. 50 is a plan view of a reflective-type LCD device in accordance with Embodiment 17. 

Fig. 51 is an enlarged view of a portion A9 in Fig. 50. 

Fig. 52 is a cross-sectional view taken along the line Y6-Y6 in Fig. 50. 

Fig. 53 is a vertical sectional view of a prior-art reflective-type LCD device. 

Fig. 54 is a circuit diagram showing an equivalent circuit of one single pixel of a prior-art reflective-type LCD device. 

Fig. 55 is a waveform chart for illustrating an operation of a prior-art reflective-type LCD device. 

Fig. 56 is a diagram illustrating a relationship of a photocurrent and a pixel electrode voltage V s . 

Fig. 57 is a waveform chart illustrating a response waveform of liquid crystal in a prior-art reflective-type LCD 

device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

EMBODIMENT 1 

[0188] Fig. 1 schematically shows a cross sectional view of a liquid crystal projector employing a reflective-type liq- 
uid crystal display (LCD) device according to the present invention. A liquid crystal projector 60 comprises a light source 
61 , a color filter 62, a condenser lens 63, a semi-transparent mirror 64, a reflective-type LCD device 1 , and a projection 
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lens 66. These components such as the light source 61 , the reflective-type LCD device 1 and so forth are enclosed in 
a casing 67. 

[0189] An operation of the liquid crystal projector is briefly described below. A light from the light source 61 is pro- 
jected to a semi-transparent mirror via the color filter 62 and the condenser lens 63. Then, an oscillatory wave perpen- 

5 dicular to the paper surface of Fig. 1 is reflected by the semi-transparent mirror 64, guided to the reflective-type LCD 
device 1 , and reflected by the reflective-type LCD device 1 . Here, a direction of oscillation of the reflected light is 
inverted. Thereby the reflected light from the LCD device 1 is allowed to pass through the semi-transparent mirror 64, 
and then guided to a screen 68 via the projection lens 66, and a predetermined image is projected thereon. 
[0190] It is to be noted that Fig. 1 shows only the construction for one of the primary colors of R (red), G (green), 

10 and B (blue). 

[0191] Now, a configuration and a producing method of the foregoing reflective LCD device 1 are detailed below. 
Configuration of a reflective-type LCD device 

is [0192] Fig.2 shows a vertical sectional view of a reflective-type LCD device in accordance with Embodiment 1 , Fig. 
3 shows a horizontal sectional view of the reflective-type LCD device illustrating an arrangement of MOS transistors, 
and Fig. 4 shows a horizontal sectional view of the reflective-type LCD device illustrating a wiring arrangement of signal 
lines, scanning lines and so forth. Fig. 2 is a cross sectional view taken along the line X1-X1 in Fig. 3, and likewise Fig. 
2 is a cross sectional view taken along the line X2-X2 in Fig. 4. A reflective-type LCD device 1 in accordance with 

20 Embodiment 1 comprises a p-type crystalline silicon substrate 2, a transparent counter substrate 3 opposed to the p- 
type crystalline silicon substrate 2, and a liquid crystal 4 enclosed between the p-type crystalline silicon substrate 2 and 
the counter substrate 3. The counter substrate 3 is a glass substrate. On the inner surface of the counter substrate 3, 
an ITO (indium-titanium oxide) electrode 5 is formed. On the silicon substrate 2, a pair of an n-channel MOS transistor 

6 and a p-channel MOS transistor 7, a storage capacitor 8 are formed. Over these MOS transistors 6, 7, and the storage 
25 capacitor 8, there is formed a first insulating layer 9, and on the first insulating layer 9, there is formed a first light block- 
ing layer designated by the reference numerals 10a and 10b, a signal line 11, scanning lines 22, 23 (see Fig. 4), and 
common voltage lines 12, 13. The first light blocking layer designated by the reference numerals 10a and 10b is so 
formed as to overlay the source of the MOS transistors 6, 7. The scanning line 22 (voltage V G i) is, as shown in Figs. 3 
and 4, connected to a gate 6a of the n-channel MOS transistor 6 via a contact hole 20c. The scanning line 23 (voltage 

30 V G2 ) is, as shown in Figs. 3 and 4, connected to a gate 7a of the p-channel MOS transistor 7 via a contact hole 20d. 
The signal line 1 1 is, as shown in Figs. 3 and 4, commonly connected to drains 6b, 7b of the MOS transistors 6, 7. The 
common voltage line 12 is, as shown in Figs. 3 and 4, connected to a p-well 14 via a p-well contact region 27 through 
the contact hole 20a. This enables the p-well 14 to retain a constant voltage (V B i). The common voltage line 13 is, as 
shown in Figs. 3 and 4, connected to an n-well 15 via an n-well contact region 28 through a contact hole 20b. This ena- 

35 bles the n-well 15 to retain a constant voltage (V B2 ). Over these first light blocking layer 10a, 10b, signal line 1 1 , scan- 
ning lines 22, 23, and common voltage lines 12, 13, there is formed a second insulating layer 16, and over the second 
insulating layer 1 6 there is formed a second light blocking layer 1 7. Over the second light blocking layer 1 7, a planarizing 
layer 18 is formed, and over the planarizing layer 18, a pixel electrode 19 of which surface is formed to be a reflective 
surface (hereinafter referred to as a reflective pixel electrode) is formed. The above-mentioned storage capacitor 8 is 

40 composed of a capacitive electrode 30, a capacitive oxide layer 31 and a portion of the n-well 15. Note that a retained 
capacitance of the storage capacitor 8 is denoted by C stg . In Fig. 2, the reference numeral 24 denotes a field oxide layer, 
and the numeral 25 denotes an oxide layer. 

[0193] Fig. 5 shows an equivalent circuit for one single pixel of the reflective-type LCD device 1 . Referring now to 
Fig. 5, a state of electrical connection of the MOS transistors 6 and 7 etc. is detailed below. The gate 6a of the n-channel 
45 MOS transistor 6 is connected to the scanning line 22 (voltage V G i), and the gate 7a of the p-channel MOS transistor 

7 is connected to the scanning line 23 (voltage V G2 ). Each of the drains 6b and 7b of MOS transistors 6 and 7 are both 
connected to the signal line 1 1 (voltage V D ), and each of the sources 6c and 7c of MOS transistors 6 and 7 are both 
connected to the reflective pixel electrode 1 8 (voltage V s ). The p-well 1 4 is biased at a constant voltage V B i by the com- 
mon voltage line 12, and the n-well 15 is biased at a constant voltage V B2 by the common voltage line 13. Here, V B i, 

so V B2 , V D , and V s are predetermined so as to satisfy the relationships of V B i < V D < V B2 , and V B1 < V s < V B2 . The voltage 
V B1 corresponds to a substrate bias voltage of the MOS transistor 6, and the voltage V B2 corresponds to a substrate 
voltage of the MOS transistor 7. The liquid crystal 4 and the storage capacitor 8 are similar to the prior art device, and 
a liquid crystal capacitance C L c and a storage capacitance C stg are formed. In Fig. 5, very small stray capacitance and 
leakage conductance are ignored for the sake of brevity. 

55 [0194] In such a reflective-type liquid crystal display device 1 , a photocurrent is produced in a reverse-biased region 
at a source-well junction in both MOS transistors 6 and 7 (in the n-channel MOS transistor 6, the region corresponds to 
a region between the source 6c and p-well 14, and in the p-channel MOS transistor 7, the region corresponds to a 
region between the source 7c and n-well 15.). The photocurrents are denoted by l P1 and l P2 . 
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Production of a reflective-type LCD device 

[0195] The above-described reflective-type LCD device 1 is produced in the following manner. 

5 1) Phosphorus (P) ions are implanted to the entire display area of a p-type crystalline Si substrate to form an n-well 

15, and boron (B) ions are implanted to part of the display area to form a p-type portion (a p-well layer 14). 

2) A field oxide layer 24 made of Si0 2 for insulating is formed in a region corresponding to a peripheral region of 
MOS transistors. 

3) An Si0 2 thin film, which corresponds to a gate oxide layer 25 in each of MOS transistors 6, 7 is formed. Here, a 
10 capacitive oxide layer 31 of a storage capacitor 8 is formed at the same time. 

4) Gates 6a, 7a of the MOS transistors 6, 7 and a capacitive electrode 30 are formed of polycrystalline Si. 

5) A drain 6b and a source 6c (both of which are n+ conduction type) of the n-channel MOS transistor 6 is formed 
by implanting high concentration phosphorus (P) to a portion of the p-well 14. Here, a p-well contact region 27 for 
connecting the p-well 14 and a common voltage line 22 is formed at the same time. 

is 6) High concentration boron (B) is implanted to a portion of the n-well 15 to form 7b and 7c (both of which are p+ 
type) of the p-channel MOS transistor 7. Here, an n-well contact region 28 (which is n+ type conduction) for con- 
necting the n-well 15 and the common voltage line 23 is formed at the same time. 

7) Phosphorus-silicate glass (PSG), which corresponds to the first insulating layer 9, is formed in a film over the 
entire surface, and contact holes 20a- 20e are formed at necessary positions. Note that Fig. 3 illustrates the sec- 

20 tional view at the stage where this step has been completed. 

8) Al is deposited on the entire surface, and patterning is performed. Thereby a first light blocking layer 10a, 10b, 
common voltage lines 12, 13, a signal line 11, and scanning lines 22, 23 are formed. (Fig. 4 shows the sectional 
view at the stage where this step has been completed.) 

9) PSG is again formed in a film over the entire surface, and contact holes are formed at necessary positions. This 
25 forms a second insulating layer 16. 

1 0) Al is again deposited over the entire surface, and patterning is performed. Thereby a second light blocking layer 
17 is formed. 

11) Polyimide is coated on the entire surface, and the surface is planarized by chemical mechanical polishing 
(CMP). 

30 12) Al is again deposited over the entire surface, and patterning is performed. Thereby a reflective pixel electrode 
19 is formed. 

1 3) Indium titanium oxide (ITO) electrode 5 is formed on a glass substrate (counter substrate 3) opposite to the sub- 
strate 2. 

14) An alignment layer (not shown) is coated on the reflective electrode 19 formed on the Si substrate and on the 
35 ITO electrode 5 formed on the counter substrate 3, and an alignment treatment such as rubbing is performed. 

15) The two substrates are attached together and a liquid crystal 4 is injected in the gap of the two substrates. 
Thus, a reflective-type LCD device 1 is produced. 

[0196] It is to be noted that the materials above are given for illustrative purposes only. For example, the gate insu- 
40 lating layer 25 may be formed of insulators such as Ta 2 0 5 and Si 3 N 4 (or stacked materials, mixed materials, and the 
like of such insulators) instead of Si0 2 . In addition, the insulating layers 9 and 16 may be formed of insulators such as 
polyimide, Si0 2 , and Si 3 N 4 , instead of PSG. Further, the planarizing layer 18 formed by CMP may be formed of mate- 
rials such as PSG, Si02, Si3N4, or the like. The light blocking layers 1 0a, 1 0b, and 1 7, and the reflective pixel electrode 
19 may be composed of materials other than Al, for example such as Cr, Ag, Au, ITO, or the like, or may be composed 
45 of alloys or mixtures of such materials, or may be composed of materials in which a small amount of impurities are 
mixed in these metals (for example, Al in which Si is contained). Further, a transparent electrode made of ZnO and the 
like may be used instead of the ITO electrode 5. 

Operation of a reflective-time LCD device 

50 

[0197] Now, an operation of the reflective-type LCD device 1 is described. In the reflective-type LCD device 1, a 
voltage V G1 at the scanning line 22 and a voltage V G2 at the scanning line 23 always change with a reverse phase as 
shown in Fig. 6(a), and the two MOS transistors 6, 7 are either simultaneously turned to be a selected state or simulta- 
neously turned to be a non-selected state (except during a transition state). First, when the scanning lines 22 and 23 of 
55 a certain pixel are selected (thus resulting in V G1 =V G1QN and V G2 =V G20N ), the MOS transistors 6, 7 are both turned 
to be ON state, and as in the case of the prior art device, the pixel electrode voltage V s is charged until it becomes equal 
to a voltage of the signal line 1 1 (V D0 ). The change of the pixel electrode V s in this case is represented by the following 
expression (7), as in the case of the prior art device. 
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(Cstg + C LC )dV s /dt =k 1 {(V G1GN -V s ) 2 -(V G1ON -V D0 ) 2 } +k 2 {(V G10N -V s ) 2 - (V G1ON -V D0 ) 2 } (7) 

[0198] In the above expression, k-| denotes a constant showing a charging performance of the n-channel MOS tran- 
sistor 6, and k 2 denotes a constant showing a charging performance of the p-channel MOS transistor 7. 
5 [0199] When the pixel electrode voltage V s becomes dose to V D0 , the above expression (7) can be expressed as 
shown in the following expression (8). 

d(V s -V D0 )/dt = - (V s -V D0 )/x (8) 

10 [0200] In the above expression, x=(C stg +C LC )/2[k 1 (V G10N — V D0 )+k 2 (V D0 + V G2GN )] 

[0201] In the above expression for x of expression (8), the denominator of the expression for x is the sum of 
2ki(V G ic>N — v do) and 2 k 2 (V D0 + v g20n). in which 2k-|(V G ioN — v do) represents a charging performance of the n-chan- 
nel MOS transistor and 2k 2 (V D0 + V G2 on) represents a charging performance of the p-channel MOS transistor. In the 
case where Y=2k 1 (V G1QN — V D0 ) or Y=2k 2 (V D0 +V G2ON ) , Y=2k 1 (V G1ON -V D0 ) is indicated as line L1 and 

15 Y=2k 2 (V D0 +V G2ON ) as line L2 in Fig. 7, a graph with the vertical axis indicating Y and the horizontal axis indicating 
V D0 . A variation range of the signal line voltage V D0 is V Dm .^V D0 ^V Dm , where V Dm - is a minimum value of the signal 
line voltage, and V Dm is a maximum value of the signal line voltage. As shown clearly in Fig. 7, V G i 0 n is larger than 
V Dm , and V G2 on is smaller than V Dm -. Since the denominator of x in the above expression (8) is the sum of these, 
Y=2[k 1 (V G1QN — V D0 )+k 2 (V D0 +V G2ON )] is shown as line L3 in Fig. 7. 

20 [0202] Since, generally, a hole mobility is smaller than an electron mobility, k-|>k 2 in a case where the geometrical 
shapes of the p-channel MOS transistor and the n-channel MOS transistor are approximately the same. In such a case 
of ki>k 2 , an absolute value of the slope of the line L1 (=2k 1 ) is larger than an absolute value of the slope of the line 
L2 (=2k 2 ) , and therefore the line L3 shown in Fig. 7 slopes downwards when going from left to right. Therefore, in a 
variation range of V D0 , it is in the case where V D0 is the largest value of V Dm that the denominator of x becomes the 

25 smallest (i.e., x becomes the largest), x in this case is represented by the following expression (9). 

^=(C s tg + C LC )/2[k 1 (V G1ON -V D0 ) + k 2 (V D0+ V G2ON )] (9) 

[0203] By contrast, in the case of K 1 ^ K 2 , the line L3 slopes upwards when going from left to right. Therefore, x 
30 becomes the largest in the case where V D0 is the smallest value of V Dm -. In whichever case, it is necessary that x of the 
above expression (9) be sufficiently smaller than a width of the selected period. 

[0204] Next, when the selected period is completed, both MOS transistors 6 and 7 are turned to be OFF state. 
Accordingly, each of the photocurrents l P i and l P2 flows in a direction such that the change of the electric charge in the 
pixel electrode 19 is cancelled. The change of the pixel electrode voltage V s is shown as the following expression (10). 

35 

(C s tg+C LC )dV s /dt=lp 2 -l pi (10) 

[0205] Here, if l P i and l P2 are not dependent on V s and are approximately equal, the right side of expression (10) 
is completely canceled and becomes 0, and thus V s is kept at a constant voltage during a non-selected period. How- 

40 ever, due to the change of the width of the depletion layer as has been stated in the foregoing BACKGROUND ART, l P1 
and l P2 are dependent on V s . The relationship of l P -| and l P2 with V s is shown in Fig. 8(a). Based on this, the relation- 
ship of l P2 — l P i and V s is shown in Fig. 8(b), and the graph becomes approximately symmetric with respect to a point 
of the value V s at which I P1 =l P2 (hereinafter referred to as V c ). This indicates that when V A is a certain voltage value, 
l P2 — l P i in the case of the pixel electrode voltage being V C +V A and l P2 — l P i in the case of the pixel electrode voltage 

45 being V c — V A have approximately the same absolute values but different signs. The absolute value of l P2 — l P i is 
referred to as AI P Accordingly, if a voltage such that V D0 =V C ±V A is applied to the signal line alternately for each 
frame, the variation of V s during non-selected period becomes approximately the same absolute value with different 
signs in each case, and as a result V s shows a variation shown in Fig. 6(b) and Fig. 9(a). This waveform can be seen 
as a waveform in which alternating voltage waveforms symmetric with respect to positive and negative are superposed 

so on the direct-current voltage V c . In Fig. 6(b) and Fig. 9(a), AV S is an absolute value of the variation of V s during a non- 
selected period, and therefore AV S is represented by the following expression (1 1). 

AV s = Al p .T f /(C stg + C LC ) (11) 

55 [0206] Response of a liquid crystal is determined by an absolute value of a voltage applied to the liquid crystal. 
Assuming now that a voltage V com of the counter ITO electrode 5 is made equal to V c , a direct-current component is 
eliminated from the applied voltage to the liquid crystal, and the response shows the same waveforms in both even 
numbered frames and odd numbered frames, as shown in Fig. 9(b). Thus, a component having a period twice as long 
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as the frame period, as seen in the prior art device, is eliminated, and regardless of an illuminance of the incident light, 
no flicker is caused. 

[0207] Now, an additional explanation for the two curves in Fig. 8(a) is given here. I P1 and l P2 are approximately 
proportional to the square root of (V s — V B i) and the square root of (V B2 — V s ). Under a certain projecting-light illumi- 

5 nance, when the proportionality constants are extremely different, the value of V s at the intersection of the two curves 
(V c ) becomes extremely dose to either V B i or V B2 , and it becomes impossible to ensure a sufficient amplitude (dynamic 
range) of the applied voltage to the liquid crystal in the case of V com = V c . In view of this, conditions for ensuring a 
sufficient amplitude of the applied voltage to the liquid crystal are discussed below. In the present invention, in order to 
suppress flicker, it is necessary that the counter substrate voltage V com be made equal to the voltage V c , which is a 

10 voltage at the intersection in Fig. 8(a), and that an applied voltage to the pixel electrode be alternating voltages sym- 
metric with respect to positive and negative are superposed on the direct-current voltage V c , as has been described 
above. In addition, in order to properly operate the MOS transistors, it is necessary that the pixel electrode voltage be 
smaller than V B2 and larger than V B1 . Accordingly, an amplitude of the applied voltage to the liquid crystal cannot be 
made larger than the smaller one of (V B2 — V c ) and (V c — V B1 ). Here, a case where V c becomes extremely close to V B1 

is as shown in Fig. 1 0(a) is considered. When an amplitude of the applied voltage is 1 0 % or more of the maximum ampli- 
tude of the applied voltage in a normal operation state, it is considered that the device can be driven without any partic- 
ular problems. Thus, under such a condition of an amplitude of the applied voltage being 10 % or more of the maximum 
amplitude, it is desired that V c satisfy 0. 1 ^(V c — V B1 )/(V B2 — V B1 ) . Also, a case where V c becomes extremely close 
to V B2 as shown in Fig. 10(b) is considered. In this case as well, based on the same ground as above, it is desired that 

20 V c satisfy 0.1 =(V CB2 — V C )/(V B2 — V B1 ) . Here, when the variation of V B2 — V B1 is seen as the variation of V c — V B1 , 
0. 1^(V CB2 — V C )/(V B2 — V B1 ) can be represented as (V c — V B1 )/(V B2 — V B1 )^0.9. Therefore, in order to prevent 
an oscillation of the applied voltage, it is preferable that V c be in the range of the following expression (12). 



0.1 ^(V C -V B1 )/(V B2 -V B1 )^0.9 (12) 

25 

[0208] The above expression (12) is reached based on the assumption that it is desired that the amplitude of the 
applied voltage be 10 % or more of the maximum amplitude of the applied voltage in a normal operation state, without 
strictly considering contrast and luminance. Now, given below are conditions of V c in the case where contrast and lumi- 
nance are strictly considered. In order to obtain an image with sufficient contrast and luminance, it is required that, in 

30 the range of the voltage to the liquid crystal layer, a reflectivity (luminance) be varied with a sufficient range from bright 
to dark. Now, as a voltage-reflectivity characteristic (T-V curve) of a liquid crystal layer, there are two types, one being 
a type shown in Fig. 1 1(a), in which the transmissivity becomes larger as an absolute value of the voltage becomes 
larger (hereinafter referred to as a normally-off type), the other being a type shown in Fig. 1 1 (b), in which the transmis- 
sivity becomes smaller as the absolute value of the voltage becomes larger (hereinafter referred to as a normally-on 

35 type). For each of the types, a minimum modulation voltage V M is defined as follows. 



(1) In the case of normally-off type 



[0209] An absolute value of a voltage at which a luminance (reflectivity) of 90 % of the maximum luminance R max , 
40 a luminannce R 90 =(9/10)R max , is obtained is defined as a minimum modulation voltage V M . As for the maximum lumi- 
nance R max , in the case of the V-T curve showing a tendency to have a saturation as the voltage increases as in Fig. 
1 1 (a), the saturation point is employed for R max , whereas in the case of the V-T curve having a peak as in Fig. 1 1 (c), a 
luminance at the peak point is employed for R max . 



45 (2) In the case of normally-on type 



[0210] An absolute value of a voltage at which a luminance of 10 % of the maximum luminance R max , 
R 10 =(1/10)R max , is obtained is defined as a minimum modulation voltage V M . As for the maximum luminance R max , 
in the case of a largest luminance being obtained at a voltage of 0 as in Fig. 1 1(b), the largest luminance is employed 
so for R max , whereas in the case of the V-T curve having a peak as in Fig. 1 1 (d), a luminance at the peak point is employed 
for R max . 

[021 1 ] When the minimum modulation voltage V M is defined as described above, by varying the applied voltage to 
the liquid crystal layer within the range of — V M to +V M , modulation can be performed with a range of 90 % or greater 
of the maximum luminance range (0 to R max ), achieving a sufficient luminance and contrast in either of the cases. In 
55 order to make such an operation possible in Fig. 8 or Fig. 10, a necessary condition is that "the maximum modulation 
voltage V M is equal to or less than the smaller one of (V B2 — V c ) and (V c — V B1 )." 
[021 2] This condition is represented by the following expression (1 3). 
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V M ^min(V c -V B1 ,V B2 -V c ) 



(13) 



This expression is equivalent to the following expression (14). 



V M ^V C -V B1 andV M ^V B2 -V c 



(14) 



This expression further yields the following expression (15), which has a similar shape as expression (12). 



Vm/(Vb2-Vbi) = (Vc-Vbi)/(Vb2-Vbi) = 1-V m /(Vb2-Vbi) 



(15) 



[0213] It is noted here that when driving the LCD device 1 based on the foregoing expression (12) or (15), it is nec- 
essary that V c be determined in advance. The major factors that determine a position of V c are the following four fac- 
tors: 

(1) a ratio of an attenuation rate of an incident light reaching a biased region between the source 1 7 and the p-well 
18 and attenuation rate of an incident light reaching a biased region the source 22 and the n-well 23, 

(2) a ratio of the widths of the depletion layers of the two reverse-biased regions at the same applied voltage, 

(3) a ratio of the areas of the junctions of the two reverse-biased regions, and 

(4) a ratio of the quantum efficiencies of the generation of holes and electron pairs in the two reverse-biased 
regions. 

[0214] Even when these factors are asymmetrical and the ratios are far off from 1, the condition of the foregoing 
expressions (1 2) or (1 5) is satisfied provided that the product of all the four factors is dose to 1 . Therefore, it is preferable 
that V c is varied by adjusting a factor that can be readily controlled at the stage of device designing, for example the 
above factor (3), so that the foregoing expression (12) or (15) is satisfied. 

[021 5] In an actual LCD device 1 , a specific value of V c can be obtained in the following manner, and based on the 
obtained value, it is possible to decide whether or not V c is set to be the optimum value. 

[1] First, the projecting-light illuminance is made sufficiently small so as not to cause a variation of V s during a non- 
selected period. Then, a certain voltage values V c ' and V A ' are predetermined, and signal voltages V D , which is 
V D = V c ' ± V A ' , are alternately applied to a signal line at every one frame. In this condition, an electrode voltage 
V com of the counter substrate is varied to find a point at which flicker becomes the smallest (the V com at this point 
is defined as V com '). This V com ' corresponds to an average voltage of the pixel electrode. V com ' is supposed to be 
equal to V c ', but in the case where "field through effect" is not negligible, they result in slightly different values. That 
is to say, it is shown that by field through effect , V s deviates from V D averagely with the value of (V com ' — V c '). 
[2] Second, the projecting-light illuminance is increased up to a state of normal use. Then, the same bias 5V is 
added to both the voltage values V com ' and V c ' obtained in [1] above so that 
V com = V com' + 8V - anc, V D = V c ' + SV ± V* A ' to drive the device. When a point at which flicker becomes the 
smallest is obtained with varying 8V, the value of the V com = V com ' + 8V is the value of V c . 

[0216] In an actual LCD device 1 , even in the case where 8V in [2] is slightly deviated from the optimum condition 
(i.e., in the case of V com ^ V c ), a certain degree of advantageous effect of flicker suppression can be obtained, 
although the effect is not as remarkable as in the case of the optimum condition. 

[0217] In the present invention, an absolute value of the applied voltage V s — V com is bound to change towards a 
smaller value during a non-selected period. An effective value V LCeff (a time average value) of |V S — V com | can be cal- 
culated as shown by the following expression (16), and it is understood therefrom that V LCeff becomes smaller than an 
effective value V A in which it is assumed that light is not projected. 



[0218] On the other hand, an effective value V LCeff of the applied voltage to the liquid crystal of the prior art device 
is calculated as shown by the following expression (1 7), and the V LCeff in this case also becomes smaller than V A . It is 
noted that even in the case of V com ^ 0 , V LCeff does not depend on V com provided that V com is sufficiently small. 



V 



LCeff 



= V A - AV s 12 =V A - Al p T, 12 (C -0 + C LC ) 



(16) 



V LCeff =V A -(|AV s+ |-|AV s .|)/4 
= V A -[l P+ -lp.]T f /4(C slg+ C LC ) 



(17) 
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[0219] Now, assuming that the curves of l P i and l P2 in Fig. 8 (a) are approximately symmetric with respect to V c 
and that the l P1 is the same as the l P in Fig. 16, AI P and l P+ — l P _ can be seen as approximately equal. Accordingly, a 
difference of V LCeff from V A in the present invention is approximately twice as that in the prior art device. Since such 
degradation of the effective value causes undesirable effects such as a degradation in a luminance of the images (light 
s utilization efficiency) and a variation of reflectivity resulting from an illuminance distribution of the incident light in a 
plane, it is necessary that such degradation of the effective value be minimized as small as possible. 

[0220] In order to suppress degradation in an effective value of an applied voltage to liquid crystal, it is effective to 
increase C stg +C LC , as seen from the expressions (16) and (17). However, C stg +C LC cannot be increased unlimitedly 
since C stg +C LC is restricted by the time constant of charging x as shown in the above expressions (3) and (9). Now, it 

10 is assumed temporarily that the maximum voltage supply to the LCD device 1 is 15 V ( — 7.5 V to 7.5V) and an oscilla- 
tion of the applied voltage to the liquid crystal is 6V, and accordingly V GO n = 7.5 V, and V Dm = 6 V in the case of the 
prior art device, and V G i 0 n = 7 -5 V, V G2 on = — 7 5 v > and v Dm = 6 V in the case of the present invention. Also, it is 
assumed that a ratio of k1 and k2 is k1/k2=2 (considering a ratio of the mobility of holes and the mobility of electrons). 
Further, it is assumed that k=k1 based on the assumption that the n-channel MOS transistors both in the present inven- 

15 tion and in the prior art device have the common design. Based on these assumptions, a ratio of the time constant of 
charging of the present invention to that of the prior art device is calculated from the expressions (3) and (9), and 
thereby x (the present invention) / x (the prior art device) = 0.18 is obtained. That is to say, assuming that the identical 
capacitance C stg +C LC is employed, the present invention can achieve a charging time which is 0.18 times that of the 
prior art device. In other words, in the present invention, the upper limit of C stg +C L c can be set at 1 / 0.18 = 5.5 times 

20 higher than that of the prior art device. Accordingly, the degradation of an effective value of applied voltage to liquid 
crystal can be suppressed to 2 / 5.5 = 0.36 times that of the prior art device, and as a result, a good image with little 
degradation in a light utilization efficiency and a small luminance distribution can be obtained. Alternatively, utilizing 
such a margin, it is possible to obtain an image with a further higher luminance by further increasing the illuminance of 
the incident light. 

25 [0221] As described above, according to the present invention, x is remarkably reduced compared to the prior art 
device. This is considered to be due to the following reason. Generally in MOS transistors, when the voltage between 
the gate and the drain (or the voltage between the gate and the source) is smaller, the charging performance is accord- 
ingly smaller. However, if two MOS transistors, one being a p-channel type and the other being an n-channel type, are 
employed, the degree of the charging performance of each transistor becomes opposite according to the drain voltage 

30 (= the signal line voltage). Thus, these two MOS transistors complement each other (the charging performances of the 
two MOS transistors do not become small at the same time). 

[0222] For reference, it may appear that by employing the device construction in which an n-channel MOS transistor 
and a p-channel transistor are combined, a variation of a pixel electrode voltage resulting from parasitic capacitance or 
parasitic resistance can be suppressed even if a large storage capacitor is not particularly employed. However, it is by 

35 making C stg + C LC sufficiently large in addition to combining a p-channel MOS transistor and an n-channel MOS tran- 
sistor, that a variation of effective values of an applied voltage to liquid crystal, which results from the photocurrents pro- 
duced by an incident light having a high illuminance, (this variation is far larger than the variation resulting from parasitic 
capacitance or parasitic resistance) can be suppressed. It is noted here that once a liquid crystal material (a dielectric 
constant), a cell gap, and a pixel pitch are determined, a liquid crystal capacitance C LC is accordingly fixed. For this rea- 

40 son, it is in fact essential to make C stg large. For a rough standard, it is preferable that a storage capacitance be at least 
3 times larger than a liquid crystal capacitance C L c- In this regard, since the storage capacitance C stg is formed on the 
silicon substrate 2 in the present invention, it is easy in the present invention to form a storage capacitance C stg having 
a size at least 3 times larger than a liquid crystal capacitance C LC . 

[0223] The foregoing limitation that "a storage capacitance be at least 3 times larger than a liquid crystal capaci- 
45 tance C LC " is due to the following reason. When a storage capacitance C stg is excessively smaller than a liquid crystal 
capacitance C LC , a variation of the effective value of applied voltage from V A becomes large according to the above 
equation (16). This is also recognized from the fact that the voltage variation AV S is represented by the above expres- 
sion (1 1). When such variation from V A is large, it causes a luminance decrease of images and a luminance variation 
in a display panel. Therefore, it is necessary that a storage capacitance C stg be sufficiently larger than a liquid crystal 
so capacitance C LC . 

[0224] For the storage capacitor, a MOS capacitance using Si0 2 as the capacitive oxide layer is generally 
employed, but other types of capacitors may be employed insofar as a sufficiently large capacitance is ensured. Exam- 
ples for other capacitors are ferroelectric capacitors, materials having a high dielectric constant such as Ta 2 0 5 , Y 2 0 3 , 
Hf0 2 , Ti0 2 , Zr0 2 , Si 3 N 3 , Nb 2 0 5 , and the like (including ones in which these materials and Si02 and the like are lay- 
55 ered), capacitors having a groove structure, capacitors formed on the insulating layer. Further, capacitors having a mul- 
tilayer-structure of Si0 2 /Si 3 N 4 /Si0 2 may be employed. 

[0225] In this embodiment, a MOS capacitance is formed on the n-well 15, but it may be formed on the p-well 14. 
The MOS capacitance may of course be formed both on the n-well 15 and on the p-well 14, and this provides another 
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advantage that an undesirable influence caused by the MOS capacitances' nonlinearity can be cancelled. 
[0226] In the foregoing example, the storage capacitor was formed between the capacitive electrode 30 and the n- 
well 15, but the present invention is not limited thereto. For example, the storage capacitor may be formed by forming a 
metal layer or a semiconductor layer on the n-well 15, and forming an insulating layer between the formed layer and the 
5 capacitive electrode 30. The capacitive electrode 30 may be a metal such as Al and the like, and may be an n-type sem- 
iconductor or a p-type semiconductor. 

[0227] In addition, a p-type crystalline Si substrate is illustrated in this Embodiment 1 , but the substrate may be an 
n-type crystalline Si substrate. When an n-type crystalline Si substrate is employed, all the types of conduction (either 
p or n) in the region formed by Si semiconductor illustrated in Fig. 2 are reversed (except the gate 6a, 7a, and the capac- 
10 itive electrode 30). 

[0228] In addition, the invention is not limited to a structure in which the p-well 1 4 is formed in the n-well 1 5 as illus- 
trated in Fig. 2, and such a structure that an n-well is formed only in the region of p-channel MOS transistor and a p- 
well is formed only in the region of n-channel MOS transistor may be employed. Further, such a structure that for exam- 
ple, only a p-well is formed on an n-type crystalline Si substrate and a p-channel MOS transistor is formed on the n-type 
is crystalline Si substrate and an n-channel MOS transistor is formed on the p-well may be employed. 

[0229] The storage capacitor 8 may be formed between the source 6c, 7c and the scanning line 22 next to the 
source 6c, 7c, and may be formed between the source 6c, 7c and the scanning line 23 next to the source 6c, 7c. 
[0230] The p-channel MOS transistor and the n-channel MOS transistor are not limited to the ones as describe 
above, but it may be such that a plurality of MOS transistors are connected in serial or in parallel. 
20 [0231 ] In addition, although the reflective-type LCD device 1 according to this Embodiment 1 has a planarizing layer 
18, a second light blocking layer 17, a second insulating layer 16, a first light blocking layer 10a, 10b, a first insulating 
layer 9, and a field oxide layer 24, a reflective-type LCD device according to the present invention does not necessarily 
have all of these components. In other words, these components such as the planarizing layer 18 etc. are not essential 
components in a reflective-type LCD device according to the present invention. Further, in order to obtain a high reflec- 
ts tivity a step of planarizing is preferable, but the step may be omitted. Still further, the number of the layers in the struc- 
ture for light blocking may be increased. Yet further, each of the p-well contact region 27 and the n-well contact region 
28 may be opposite type of conduction. 

[0232] In addition, a mode for the liquid crystal 4 is not particularly limited. Various modes may be employed such 
as TN (Twisted Nematic) liquid crystal, STN (Super Twisted Nematic) liquid crystal, ECB (Electrically Controlled Bire- 

30 fringence) type liquid crystal including VA liquid crystal (Vertical Alignment liquid crystal, or Homeotropic liquid crystal) 
and homogeneous alignment liquid crystal, bend-type liquid crystal, IPS (In-plane Switching) liquid crystal, GH (Guest- 
Host) liquid crystal, polymer dispersed liquid crystal, ferroelectric liquid crystal, anti -ferroelectric liquid crystal, and so 
forth. Furthermore, materials other than liquid crystal may be used if the materials are such that optical characteristics 
of the materials change by applying voltage. For example, it is considered that electro-optic crystals such as BSO (Bis- 

35 muth Silicon Oxide) and the like, and materials that show electroluminescence can be used for such materials. 

EMBODIMENT 2 

[0233] Fig. 12 shows a cross-sectional view of a reflective-type LCD device 1 A in accordance with Embodiment 2. 

40 Embodiment 2 is similar to Embodiment 1, and like reference numerals and characters refer to like parts. In Embodi- 
ment 2, an n-channel transistor 6 is used as the pixel switching element, and in place of the p-channel MOS transistor 
7 in Embodiment 1 , a p-n junction diode 50 is employed. The diode 50 is composed of a p+ region 51 and an n-well 15. 
The producing procedure of the reflective-type LCD device 1 A of Embodiment 2 is fundamentally the same as that of 
the reflective-type LCD device 1 of Embodiment 1 , and therefore the description is not repeated for the sake of brevity. 

45 [0234] An equivalent circuit for a single pixel of the reflective-type LCD device 1 is shown in Fig. 13. The p+ region 
51 (which corresponds to the anode of the diode 50) is connected to the pixel electrode 19, and the n-well 15 (which 
corresponds to the cathode of the diode 50) is connected to the common voltage line 12. Here, as mentioned above, 
the voltage V B2 of the common voltage line 12 is larger than the voltage V s of the pixel electrode, and therefore, the 
diode 50 is reverse-biased. Also, as in Embodiment 1, a region between the source 6a and the p-well 14 in the MOS 

so transistor 6 is reverse-biased. As a result, when light is projected onto the MOS transistor 6 and the diode 50, photo- 
currents l P1 and l P2 are produced at the MOS transistor 6 and the diode 50 respectively. Note that the p-well 14 is con- 
nected to the common voltage line 12, and the n-well 13 is connected to the common voltage line 13. (These 
connections are not shown in Fig. 12.) Although two types of scanning lines 22 and 23 are employed in Embodiment 1 , 
only one type of scanning line 55 is employed in Embodiment 2. 

55 [0235] In the reflective-type LCD device 1 A, charging of the pixel is performed by the n-channel MOS transistor 
alone, unlike that in Embodiment 1. Therefore, the operation here can be explained by the description of the prior art 
device, and the response speed is represented by expression (3). Conversely, the operation during the non-selected 
period is identical to that in Embodiment 1, and in this regard, the explanation in Embodiment 1 is entirely applicable. 
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That is, although the reflective-type LCD device 1 A has an upper limit of C stg +C LC which is not different from that of the 
prior art device insofar as the device employs the same MOS transistor as that of the prior art device or of Embodiment 
1, and therefore cannot resolve the degradation of an effective value of an applied voltage to the liquid crystal, the 
reflective-type LCD device 1A can achieve an advantageous effect of suppressing flicker, which effect is obtained by 

5 making the waveform of an applied voltage to the liquid crystal symmetric. In addition, it is preferable that expression 
(12) or (15) be satisfied, as is in Embodiment 1 . Furthermore, in comparison with Embodiment 1 , the occupied area in 
the surface area of the substrate is smaller, and only one scanning line per a single pixel is necessary. This allows addi- 
tional flexibility in device designing and further reduction in a device size. In addition, by utilizing the additional flexibility 
in device designing, it is possible to increase the channel width of the n-channel MOS transistor (i.e., in expression (1), 

10 k is increased). This makes it possible to reduce the time constant of charging and to suppress the variation of effective 
values of an applied voltage to the liquid crystal by having a large margin in C stg +C LC . 

[0236] It is to be noted here that, as stated in Embodiment 1 , a value of C stg needs to be at least 3 times larger than 
a value of C LC in order to sufficiently suppress a variation of effective values of an applied voltage to the liquid crystal. 
[0237] It is also to be noted that, naturally, the description regarding the variations of Embodiment 1 set forth here- 
15 inbefore is also applicable to Embodiment 2. In particular, all the types of conduction in the regions made up with Si 
semiconductor may be reversed. 

Supplementary Remarks for Embodiments 1 and 2 

20 [0238] In Embodiment 1 and 2, a p-channel MOS transistor or a p-n junction diode is employed as an element for 
canceling the photocurrents in the n-channel MOS transistor, but the present invention is not limited thereto. For exam- 
ple, other semiconductor devices such as a bipolar transistor, a phototransistor, and the like may be employed. 
[0239] In addition, although Embodiments 1 and 2 describe a reflective-type LCD device having a reflective pixel 
electrode, the reflective-type LCD of the invention may such a device that comprises, in place of the reflective electrode, 

25 a pixel electrode without reflective property and a reflective layer provided over the pixel electrode and composed of for 
example a dielectric mirror. 

EMBODIMENT 3 

30 [0240] Fig. 14 shows a cross sectional view of a reflective-type LCD device 100 according to Embodiment 3. Fig. 
15 shows an enlarged view of a portion A1 in Fig. 14. This Embodiment 3 has a similar construction to that of Embod- 
iment 1 . In Embodiment 1 , in order to prevent a variation of pixel electrode voltages, a pair of the n-channel MOS tran- 
sistor 6 and the p-channel MOS transistor 7 are employed to cancel photocurrents. Embodiment 3, however, is 
characterized in that a storage capacitance of a storage capacitor 130 is increased. It is noted that Embodiments 4 to 

35 6, which will be described later, are also characterized in that a storage capacitance is increased as in Embodiment 1 . 
[0241] A reflective-type LCD device 100 according to Embodiment 3 comprises a n-channel MOS transistor 99, a 
signal line 110, a common voltage line 109, a scanning line (not shown in Fig. 14), a reflective pixel electrode 104, a 
liquid crystal 103, and a storage capacitor 130 employing a ferroelectric thin film 1 18. Shown in Fig. 14 are a counter 
substrate 101, an ITO electrode 102, a liquid crystal 103, a planarizing layer 105, a second light blocking layer 106, a 

40 second insulating layer 1 07, a first light blocking layer 1 08, a first insulating layer 1 1 1 , a field oxide layer 1 1 2, a gate 113, 
an oxide layer 114, a drain 1 15, a source 116, a capacitive electrode 1 17, a p-well 119, and an n-type Si substrate 120. 
[0242] The producing method of the reflective-type LCD device 100 is basically the same as that in Embodiment 1 , 
and not therefore not repeated here. 

[0243] An equivalent circuit of a portion corresponding to a single pixel in the reflective-type LCD device 1 00 is basi- 
45 cally the same as the equivalent circuit of the prior art device (shown in Fig. 54), and the operation thereof is also the 
same. 

[0244] A storage capacitance C stg is represented by the following expression (18). 

C stg = e0erS/d (18) 

50 

[0245] In the above expression (18), e0 is a dielectric constant of vacuum, er is a relative dielectric constant of a 
ferroelectric material composing the ferroelectric thin film 1 18, S is an area of the storage capacitor, d is a thickness of 
the storage capacitor. While a relative dielectric constant of Si0 2 is approximately 4, a relative dielectric constant of the 
ferroelectric material is 100 to 1000, which is very large. Therefore, when it is assumed that a lower limit of a thickness 
55 and an upper limit of an area in the ferroelectric material are the same as those in the case of Si0 2 , a storage capaci- 
tance C stg can be increased up to 250 times as large, and thereby a variation of V s can be suppressed to 1/250 or 
smaller. As a result, it is made possible to obtain a high quality image which is free from degradation in the contrast and 
luminance, flicker, noise, and so forth. 
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[0246] This is particularly effective when a pixel size is small. An upper limit of an area of the storage capacitor is 
determined by an area of a pixel, and accordingly C stg is reduced almost proportionally to a reduction of the area of a 
pixel (i.e., proportionally to a reduction of the square of a pixel size). On the other hand, in order to obtain images with 
the same brightness with the same pixel number, an intensity of the light to be incident on a single pixel must be the 

s same, and accordingly it should be considered that l P is constant regardless of a pixel size. Therefore, lp/C stg increases 
inversely proportionally to a reduction of the square of a pixel size, and thus flicker becomes larger as a pixel size 
becomes smaller, as understood from expressions (5) and (6). In view of this, by employing a ferroelectric material as 
a dielectric material for the storage capacitor in place of Si0 2 employed in the prior art device, a lower limit of a pixel 
size can be relaxed to a remarkable extent, and thus a further higher resolution and further size reduction (or higher 

10 luminance) can be achieved. 

[0247] Preferable ferroelectric materials include materials comprising PbTi0 3 , BaTi0 3 , SrTi0 3 , PbZr0 3 , PZT (a 
solid solution of PbTi0 3 and PbZr0 3 ), PLZT (a substance in which La is added to PZT), PLT (a substance in which La 
is added to PbTi0 3 ), LiNb0 3 , LiTa0 3 , KNb0 3 , KTa0 3 , SbSI, KH 2 P0 4 , (CH 2 NH 2 COOH) 3 H 2 S0 4 (triglycine sulfate), 
(CH 2 NH 2 COOH) 3 H 2 Se0 4 (triglycine selenate), (CH 2 NH 2 COOH) 3 H 2 BeF 4 , Gd 2 (Mo0 4 ) 3 , SnTe, Pb^GexTe, BaMgF4, 

is and the like. A mixture or a compound of these materials may be employed, and a layered material in which these mate- 
rials are formed in plural layers may also be employed. It is also preferable that a thickness of the ferroelectric thin film 
1 1 8 be larger than 2 nm, at which an influence of a tunnel current starts to emerge, and be smaller than 50 jam, at which 
film detachment by a thermal stress resulting from a thermal expansion in the manufacturing process becomes appar- 
ent. 

20 [0248] Although in Fig. 14, in the storage capacitor 130, a voltage of the region of the capacitive electrode 117 
becomes a source voltage, and a voltage of the region of the p-well 1 1 9 becomes the same voltage as that of a voltage 
of the common voltage line 1 09, a construction contrary to this may be employed. Specifically, such a construction may 
be employed that the capacitive electrode 1 17 is connected to the common voltage line 109, and the p-well 1 19 is con- 
nected to the source 116. 

25 [0249] In addition, the storage capacitor in Fig. 1 4 is formed between the capacitive electrode 1 1 7 of polycrystalline 
Si and the p-well 1 1 9, but the present invention is not limited thereto. For example, the storage capacitor may be formed 
by forming a film made of a metal or a semiconductor on the p-well 119, and then forming the ferroelectric thin film 118 
between the formed film and the capacitive electrode 117. 

[0250] Further, although the dielectric material in the storage capacitor is formed only by the ferroelectric thin film 
30 1 1 8 in this embodiment, other construction is also possible. For example, the dielectric material in the storage capacitor 
may be divided into plural areas so that one of the areas is formed by a ferroelectric material, and another area is 
formed by a material employed in the prior art device, such as Si0 2 and the like. 

[0251 ] Further, in the case where the use of the ferroelectric thin film 1 1 8 alone cannot achieve a sufficient dielectric 
strength, a layered structure with an ordinary dielectric material such as Si0 2 and the like and the ferroelectric thin film 
35 118 may be employed so as to improve a dielectric strength. 

[0252] Still further, the oxide film of the MOS transistor may be made of a ferroelectric thin film, in place of Si0 2 . 
This achieves further advantageous effects of a simplified manufacturing process and an increase in a charging per- 
formance of the transistor. 

40 EMBODIMENT 4 

[0253] Embodiment 4 employs a Ta 2 Os (tantalum oxide) thin film in place of the ferroelectric thin film 1 1 8 employed 
in Embodiment 3. A relative dielectric constant of Ta 2 0 5 is generally between 10 and 100, which is remarkably larger 
than a relative dielectric constant of Si0 2 , which is 4, and therefore the same advantageous effects as those in the case 

45 of a ferroelectric thin film can be obtained. Thus, what has been described in the foregoing Embodiment 3 is applicable 
to Ta 2 0 5 as well, and as a result, it is made possible to obtain a high quality image which is free from degradation in the 
contrast and luminance, flicker, noise, and so forth, even with a high-resolution and small-sized panel. 
[0254] Y 2 0 3 , Hf0 2 , Ti0 2 , Zr0 2 , Nb 2 0 5 , or the like may be employed in place of Ta 2 0 5 . These materials also have 
a high relative dielectric constant of 10 to 100 as Ta 2 O s does, and therefore, by employing one of these materials in 

so place of the Ta 2 0 5 thin film, the same advantageous effects as those of Ta 2 0 5 can be obtained. Additionally, the storage 
capacitor may be formed by a combination of Embodiments 3 and 4, i.e., a combination of a ferroelectric material and 
these materials (making a layered structure, forming a mixture, connecting in parallel, and the like). 

EMBODIMENTS 

55 

[0255] Fig. 16 shows a cross sectional view of a reflective-type LCD device according to Embodiment 5. In this 
embodiment, a groove is provided on a surface of the p-well 1 19 on the n-type crystalline Si substrate 120 by etching. 
A U-shaped lower capacitive electrode 124 is provided in the groove, a capacitive oxide layer 122 is formed over the 
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lower capacitive electrode 124, and a T-shaped upper capacitive electrode is formed over the capacitive oxide layer 
122. The lower capacitive electrode 124 is connected to the source 116, and the upper capacitive electrode 123 is con- 
nected to the common voltage line 109 (the connection is not shown in Fig. 16 since the connection is made at a posi- 
tion different from this cross section). The construction and manufacture except what is described above are basically 
s the same as those in Embodiment 3. 

[0256] An equivalent circuit of this embodiment is also represented by Fig. 54, and the operation is the same as that 
of the prior art device. However, the storage capacitor in this embodiment results in a capacitor formed between the 
upper capacitive electrode 123 and the lower capacitive electrode 124 which sandwich the capacitive oxide layer 122. 
As in the construction of this embodiment, by employing a side wall of the groove as a storage capacitance, a capacitive 

10 oxide layer 122 having a very large area can be formed in a limited area of a single pixel, achieving a larger storage 
capacitance compared to a conventional capacitor having a flat shape (this corresponds to that S is increased in 
expression (18)). Accordingly, as in Embodiment 3, a variation of V s during a non-selected period can be suppressed, 
and a high quality image free from flicker can be obtained even in a high-resolution, small-sized panel. 
[0257] It is noted here that it is desired that the bottom of the foregoing groove to be formed in a semiconductor sub- 

15 strate (this term refers to an entire component in which the p-well 1 19 is formed on the n-type crystalline Si substrate) 
be deeper than a surface of the semiconductor substrate which has not yet undergone preparation of the pixel structure. 
[0258] The upper capacitive electrode 123 and the lower capacitive electrode 124 may be composed of such a 
material as Al, Cr, and other metals or alloys, and may be composed of an n-type or a p-type semiconductor . The 
capacitive oxide layer 122 may be composed of any insulator, although Si0 2 is generally employed. 

20 [0259] In Fig. 1 6, such a construction may be employed that the upper capacitive electrode 1 23 is connected to the 
source 116, and the lower capacitive electrode 124 is connected to the common voltage line 109. 
[0260] In addition, a partial portion or an entire portion of the upper capacitive electrode 123 and the lower capac- 
itive electrode 124 may be substituted by the p-well 1 19 per se, or may be substituted by the source 1 16 per se. 
[0261] The bottom of the groove may pierce the p-well 119 and reach the n-type crystalline Si substrate 120. 

25 [0262] In addition, the groove may not be formed directly on the surface of the p-well 1 19 but may be formed by 
firstly forming the first insulating layer 1 1 1 , the second insulating layer 107, the planarizing layer 105, and so forth, and 
then etching the substrate so as to reach a point deeper than the bottom of the p-well 119. 

[0263] Further, the storage capacitor may be employed in combination with the MOS capacitance of the prior art 
device. If plural groove shaped capacitances are provided per single pixel, a further larger storage capacitance can be 

30 obtained, which is highly desirable. 

[0264] Although the example of Fig. 16 obtains a capacitance by the side wall of the groove provided in the p-well 
119, such a construction shown in Fig. 17 may be employed that a projected region 140 is formed on the p-well 1 19 and 
a groove is provided in the projected region 140 so as to obtain a capacitance by a side wall of the groove. Note that in 
Fig. 1 7, the lower capacitive electrode 1 24 is connected to the common voltage line 1 09, and the upper capacitive elec- 

35 trode 1 23 is connected to the source 1 1 6 via a capacitance-source connecting line 1 41 . 

EMBODIMENT 6 

[0265] Fig. 18 shows a cross sectional view of a reflective-type LCD device according to Embodiment 4. In this 
40 embodiment, in place of providing a storage capacitance by MOS in the prior art device, a capacitance by an oxide layer 
is formed on the first light blocking layer 108. Specifically, a storage capacitor 130 in Embodiment 6 is composed of a 
first light blocking layer 108, a capacitive electrode 126, and a capacitive oxide layer 125 sandwiched between the first 
light blocking layer 108 and the capacitive electrode 126, and the capacitive electrode 126 is connected to a common 
voltage line 109. Having such a configuration, a storage capacitance C stg is formed in the storage capacitor 130. 
45 [0266] In the prior art device, an area of the storage capacitor cannot be made larger than (an area of a single pixel) 
— (an occupied area of a MOS transistor), but in a device according to Embodiment 6, since the capacitive oxide layer 
125 can be formed over the MOS transistor 99, an upper limit of an area of the storage capacitor is virtually an area of 
a single pixel per se. Thereby, a larger storage capacitance can be obtained than that of the prior art device, and high 
quality images free from flicker can be attained even in a small-sized, high resolution panel. 
so [0267] The capacitive electrode 126 may be a metal such as Al and the like, or may be an n-type or p-type semi- 
conductor. The capacitive oxide layer 125 may be any insulator, for example, Si0 2 . In Fig. 18, the capacitive oxide layer 
125 is formed on the entire surface, but this is not essential and it is sufficient that the capacitive oxide layer 125 is 
present at least a portion overlapping the capacitive electrode 126. 

[0268] In addition, other than a configuration shown in Fig. 18, a portion or an entire portion of, for example, the sec- 
55 ond light blocking layer 106 or the reflective pixel electrode 104 may be used for one of the electrodes. In any of such 
configurations, it is sufficient that the first insulating layer 1 1 is provided and that a portion or an entire portion of the 
storage capacitor is formed upward of the first insulating layer 111. 
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Supplementary Remarks for Embodiments 3 to 6 

[0269] In the foregoing Embodiments 3 to 6, the common voltage line 109 may be omitted. Specifically, the storage 
capacitor is not provided between the reflective pixel electrode and the common voltage line, but may be formed, for 

5 example, between the scanning line either in the upstream or the downstream and the reflective pixel electrode. 

[0270] The planarizing layer 105, the second light blocking layer 106, the second insulating layer 107, the first light 
blocking layer 108, the field oxide layer 112, the p-well 1 19 and so forth are also not essential to the present invention, 
although it is preferable that these components are provided. In particular, the p-well 119 may be omitted and instead 
a p-type Si substrate may be employed. For example, a simplest example of a reflective-type LCD device according to 

10 Embodiment 5, in which capacitance is obtained by a side wall of a groove, may be such a configuration shown in Fig. 
19. 

[0271] In addition, the MOS transistors shown in Embodiments 3 to 6 are n-channel MOS transistors (in which the 
charge carrier in the channel is electrons) but of course, p-channel MOS transistors (in which the charge carrier is 
holes) may be employed. When p-channel MOS transistors are employed, the substrate may be a p-type Si substrate 
is in which n-well is provided, or an n-type substrate alone. 

[0272] The substrate need not be a crystalline Si substrate, but may be a poly-crystalline Si substrate or may be an 
SOI (silicon on insulator) substrate. 

[0273] In addition, a mode for the liquid crystal 4 is not particularly limited. Various modes may be employed such 
as TN (Twisted Nematic) liquid crystal, STN (Super Twisted Nematic) liquid crystal, ECB (Electrically Controlled Bire- 

20 fringence) type liquid crystal including VA liquid crystal (Vertical Alignment liquid crystal, or Homeotropic liquid crystal) 
and homogeneous alignment liquid crystal, bend-type liquid crystal, IPS (In-plane Switching) liquid crystal, GH (Guest- 
Host) liquid crystal, polymer dispersed liquid crystal, ferroelectric liquid crystal, anti -ferroelectric liquid crystal, and so 
forth. Furthermore, materials other than liquid crystal may be used if the materials are such that optical characteristics 
of the materials change by applying voltage. For example, it is considered that electro-optic crystals such as BSO (Bis- 

25 muth Silicon Oxide) and the like, and materials that show electroluminescence can be used for such materials. 

[0274] Further, it is of course possible to combine some of the foregoing Embodiments 3 to 6. For example, such a 
configuration is possible that a groove is formed on a surface of a semiconductor substrate, and the storage capacitor 
may be formed with the use of a ferroelectric thin film or Ta 2 O s in the groove. Further, the storage capacitor may be 
formed upward of the first insulating layer 1 1 1 with the use of a ferroelectric thin film or Ta 2 0 5 . 

30 

EMBODIMENT 7 

[0275] Fig. 20 shows a sectional view of a reflective-type LCD device in accordance with Embodiment 7, Fig. 21 
shows a cross sectional view taken along the line X3-X3 in Fig. 20, Fig 22 shows a cross sectional view taken along the 

35 line X4-X4 in Fig. 20, and Fig. 23 shows a cross sectional view taken along the line X5-X5 in Fig. 20. It is noted that Fig. 
20 also shows a cross sectional view taken along the line X6-X6 in Fig. 21 , likewise a cross sectional view taken along 
the line X7-X7 in Fig. 22, and likewise a cross sectional view taken along the line X8-X8 in Fig. 23. This Embodiment 7 
is characterized in that a variation of a pixel electrode voltage is prevented by adjusting a ratio W/L, which is an index 
indicating a charging performance of TFT as a pixel switching element. 

40 [0276] A reflective-type LCD device according to Embodiment 7 employs a semiconductor substrate in which a 
poly-crystalline Si thin film is formed on glass (or on quartz). A configuration and an operation of the device according 
to Embodiment 7 slightly differ from the foregoing devices according to Embodiment 1 to 6 in which a single crystal Si 
substrate is used. 

[0277] More specifically, a reflective-type LCD device according to Embodiment 7 comprises as its main compo- 
45 nents a TFT 200, a signal line 21 0, a common voltage line 209 (not shown in Fig. 20), a scanning line (not shown in Fig. 
20), a reflective pixel electrode 204, a liquid crystal 203, a storage capacitor 199, and so forth. The storage capacitor 
199 is composed of an upper capacitive electrode 217, a lower capacitive electrode 224, and a capacitive oxide layer 
218. 

[0278] A reflective-type LCD device having the above-described configuration can be produced in the following 
so manner. 

1) On a glass substrate 226, a poly-crystalline Si is formed in a film, and by using patterning, the regions corre- 
sponding to a drain 215, a source 216, a channel 225, and the lower capacitive electrode 224, are formed. (Fig. 21 
illustrates a cross sectional view when this layer is formed.) 
55 2) Then, n+ ions of phosphorus (P) are implanted to a region corresponding to the lower capacitive electrode 224 
to reduce resistance. 

3) An Si0 2 thin film, which corresponds to a gate oxide layer 214 and a capacitive oxide layer 218 in the TFT 200, 
is deposited. 
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4) A gate 213, a scanning line 221 , a common voltage line 209, and an upper capacitive electrode 21 7 are formed 
of poly-crystalline Si. (Fig. 22 illustrates a cross sectional view when this layer is formed.) 

5) Then, n+ ions of phosphorus (P) are implanted on the entire surface to form a drain 215 and a source 21 6 of TFT. 

6) PSG (phosphorus glass) corresponding to an insulating layer 21 1 is deposited on the entire surface, and contact 
5 holes 223 are formed at required positions. 

7) Al is deposited on the entire surface, and patterning is performed. Thereby a light blocking layer 208 and a signal 
line 210 are formed. (Fig. 23 illustrates a cross sectional view when this layer is formed.) 

8) Polyimide is applied on the entire surface, and the entire surface is planarized by CMP (chemical mechanical pol- 
ishing). Then, contact holes are formed. This forms a planarizing layer 205. 

10 9) Al is again deposited on the entire surface, and patterning is performed. Thereby a reflective pixel electrode 204 
is formed. 

10) An ITO (indium tin oxide) electrode 202 is formed on a counter glass substrate (counter substrate 1). 

1 1) An alignment layer (not shown) is coated on the reflective pixel electrode 204 formed on the Si substrate and 
on the ITO electrode formed on the counter substrate 201 , and an alignment treatment such as rubbing and optical 

is alignment treatment is performed. 

12) The two substrates are attached together and a liquid crystal 203 is injected into the gap between the two sub- 
strates. Thus, a reflective-type LCD device is produced. 

[0279] It is to be understood that the materials shown above are given for illustrative purposes only. For example, 
20 the gate oxide layer 214 may be formed of such insulators as Ta 2 0 5 and Si 3 N 4 , (or a layered material made of these, 
or a mixed material of these), in place of Si0 2 . The insulating layer may be formed of such insulators as polyimide, Si0 2 , 
Si 3 N 4 and so forth, in place of PSG. The planarizing layer for CMP may be likewise formed of PSG, Si0 2 , Si 3 N 4 , and 
so forth. 

[0280] The light blocking layer and the reflective pixel electrode are not limited to Al. For example, Cr, Ag, Au, ITO, 
25 or alloys thereof, or mixtures thereof, or the like may also be employed. Further, a very small amount of impurities may 
be contained in these metals. In addition, a transparent electrode made of ZnO may be employed in place of that of ITO. 
[0281] An equivalent circuit of a single pixel in the reflective-type LCD device is shown in Fig. 24. The gate 213 of 
the TFT 200 is connected to the scanning line 212 (voltage V G ), and the drain 215 is connected to the signal line 210 
(voltage V D ). The source 216 is connected to the reflective pixel electrode 204 via the light blocking layer 208, and to 
30 the lower capacitive electrode 224. The ITO electrode 202 is kept at a constant voltage V com such that a time average 
of applied voltage to the liquid crystal results in approximately 0. The upper capacitive electrode 217 is connected to 
the common voltage line 209 and is dropped at a constant voltage V B . The lower capacitive electrode 224 is connected 
to the source 216, and a storage capacitance C stg is formed between the upper capacitive electrode 217 and the lower 
capacitive electrode 224. Note that in Fig. 24, C GS , C GD , C DS , and so forth shown with using dashed lines are stray 
35 capacitances existing between each of the layers, and a capacitance formed between the gate 213 and the channel 225 
directly under the gate 213. R LC denotes a resistance of the liquid crystal. 

[0282] When a high luminance light is projected to the reflective-type LCD device, a portion of the light is transmit- 
ted from gaps between the reflective pixel electrodes 204, through the planarizing layer 205, the insulating layer 211, 
and finally to the channel 225. Thereby, carriers (holes and electrons) are generated by photoconduction effect in the 
40 channel 225, and a leakage current is generated between the drain 215 and the source 216. G DS in Fig. 24 denotes a 
conductance caused by this leakage. 

[0283] In this circuit, since the periphery of the source 216 is not a p-n junction, a photoleakage current l P as shown 
in Fig. 54 does not occur. 

[0284] Next, an operation of the reflective-type LCD device is detailed. The basic operation is similar to that of the 
45 prior art device. The difference is that a leakage current by light is generated not in a reverse-biased region between 
the source and the p-well, but in a channel region between the drain and the source. 
[0285] In this case, the conductance by leakage is represented by the following expression (19). 

G DS = aD(W/L) (19) 

50 

[0286] In the above expression, a denotes a photoconductance, which is proportional to an illuminance of a pro- 
jecting light. W denotes a width of the channel, L denotes a length of the channel, and D denotes a thickness of the 
poly-crystalline Si layer in the channel region. The greater the value of G DS is, the greater the photoleakage current in 
the channel region, resulting in greater flicker, since the photoleakage current causes the same effect as that of l P in 
55 the case of the single crystal Si. 

[0287] In order to suppress G DS , it is effective that a ratio W/L be made larger. According to the configuration shown 
in Fig. 20, the reflective-type LCD devices having a ratio W/L of 0.002, 0.005, 0.05, 0.5, 1.0, 1.5, and 2.0 respectively 
were prepared (by fixing W = 10 jam and varying L), and the displayed images were observed. As a result, no obvious 
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flicker was observed in the devices having a ratio W/L = 1 .5 or lower, whereas substantial flicker was observed in the 
device having a ratio W/L = 2.0. The reflective-type LCD devices used in the experiment had a pixel pitch of [im and 
1024 x 768 pixels, and the projecting light illuminance was 1 million Ix (lux). It is noted that if the ratio W/L is extremely 
small, charging during a gate selected period becomes insufficient, causing image deterioration such as a luminance 

s variation. This corresponds to a phenomenon that in the expression (3) shown in the description of the prior art device, 
a constant k representing charging performance becomes smaller and accordingly a time constant of charging x 
becomes larger. In the experiment, the devices having a ratio W/L of 0.005 or larger did not result in such a luminance 
variation, but the device having a ratio W/L of 0.002 showed a considerable luminance variation. 
[0288] As understood from the result of the experiment shown above, it is desirable that a range of the ratio W/L be 

10 0.005 to 1 .5, in which range a good quality image can be attained. 

[0289] As for the lower limit of the ratio W/L, an additional explanation is now given below. When comparing a liquid 
crystal panel used for a projector and a direct view type liquid crystal panel, since the liquid crystal panel for a projector 
has a smaller pixel size, a storage capacitance (and a liquid crystal capacitance) is accordingly smaller, requiring a 
smaller electric charge to be supplied during a gate selected period. In addition, since a charging performance of the 

is transistor during a gate selected period is determined by a ratio of the channel length and the channel width W/L, not 
by an area of the transistor, a charging performance of the transistor in the LC panel for a projector and that in the direct 
view type LC panel are equal, assuming that the transistor in the former has a similar shape in a plane to that in the 
latter. Therefore, in an LC panel for a projector, a lower limit of the ratio W/L can be made remarkably smaller than that 
in a direct view type LC panel (in which the ratio W/L is normally approximately 2-10). 

20 [0290] In the expression (19), it might be possible that a thickness D be made smaller. However, a certain thickness 
must be ensured in the gate oxide layer 214 and the capacitive oxide layer 21 8 so that the influences of leakage current 
or tunnel current do not occur, and therefore a thickness D cannot be made small infinitely. 

EMBODIMENT 8 

25 

[0291] Fig. 25 shows a cross sectional view of a reflective-type LCD device according to Embodiment 8, Fig. 26 
shows an enlarged view of a portion A2 in Fig. 25, and Fig. 27 shows a cross sectional view taken along the line X9-X9 
in Fig. 25. Note that Fig. 25 is a cross sectional view taken along the line X10-X10 in Fig. 27. Unlike the foregoing 
Embodiment 7, this Embodiment 8 employs a single crystal Si substrate and, in place of the TFT in Embodiment 7, an 
30 n-channel MOS transistor 99. For the storage capacitor, a MOS capacitance is employed. This Embodiment 8 is char- 
acterized in that a variation of a pixel electrode voltage is prevented by adjusting a ratio W/L, which is an index indicating 
a charging performance of the MOS transistor as a pixel switching element. 

[0292] As shown in Fig. 24, the reflective-type LCD device comprises a counter substrate 201, an ITO electrode 
202, a liquid crystal 203, a reflective pixel electrode 204, a planarizing layer 205, a second light blocking layer 206, a 
35 second insulating layer 207, a first light blocking layer 208, a common voltage line 209, a signal line 210, a first insulat- 
ing layer 21 1 , a field oxide layer 212, a gate 213, a gate oxide layer 214, a drain 215, a source 216, an upper capacitive 
electrode 217, a capacitive oxide layer 218, a p-well layer 219, an n-type crystalline substrate 220, a scanning line 221 , 
a p-well contact region 222, and a contact hole 223. 

[0293] The reflective-type LCD device according to Embodiment 8 can be produced in a similar manner to that in 
40 the prior art device. 

[0294] It is to be understood that the materials shown above are given for illustrative purposes only. For example, 
the gate oxide layer 214 may be formed of such insulators as Ta 2 0 5 and Si 3 N 4 , (or a layered material made of these, 
or a mixed material of these), in place of Si0 2 . The insulating layer may be formed of such insulators as polyimide, Si0 2 , 
Si 3 N 4 and so forth, in place of PSG. The planarizing layer for CMP may be likewise formed of PSG, Si0 2 , Si 3 N 4 , and 

45 so forth. The light blocking layer and the reflective pixel electrode are not limited to Al. For example, Cr, Ag, Au, ITO, or 
alloys thereof, or mixtures thereof, or the like may also be employed. Further, a very small amount of impurities may be 
contained in these metals. In addition, a transparent electrode made of ZnO may be employed in place of that of ITO. 
[0295] An equivalent circuit of a single pixel in the reflective-type LCD device is the same as shown in Fig. 54 of the 
prior art device. The operation of the reflective-type LCD device is also approximately the same as that of the prior art 

so device. In this reflective-type LCD device as well, in addition to the photoleakage current l p a small amount of photo- 
current generated between the source and the drain (resulting from G DS ) is present as a photoleakage current. There- 
fore, as in a similar manner to that in Embodiment 7, by making a ratio W/L large, flicker can be suppressed. It is 
preferable that a ratio W/L be in the range of 0.005 to 1 .5, as in Embodiment 7. 

[0296] In Fig. 25, although the storage capacitor is formed between the capacitive electrode 21 7 of poly-crystalline 
55 Si and the p-well 219, but it is not limited thereto. For example, the storage capacitor may be formed by firstly forming 
a metal layer or a semiconductor layer on the p-well 219, and then forming the capacitive oxide layer 218 between the 
formed metal or semiconductor layer and the capacitive electrode 217. 
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EMBODIMENT 9 

[0297] Fig. 28 shows a cross sectional view of a reflective-type LCD device according to Embodiment 3, Fig. 29 
shows an enlarged view of a portion A3 in Fig. 28. In this Embodiment 9, a single crystal Si substrate is employed as 
5 in Embodiment 8 and a variation of a pixel electrode voltage is prevented by employing a storage capacitor having a 
multi-layered structure. 

[0298] The basic configuration of Embodiment 9 is identical to that of Embodiment 9, but characterized in that, on 
a source 216 having an extended area, a second insulating layer 230, a second electrode 229, a first insulating layer 
228, and a first electrode 227 are formed. The source 216 is electrically connected to the first electrode 227, and the 
10 second electrode 228 is connected to a common voltage line 209 (the connection is not shown in Fig. 28). 

[0299] An equivalent circuit for a single pixel in the reflective-type LCD device is identical to Fig. 54. However, since 
the storage capacitor is formed by two insulating layer 228 and 230, the capacitance value increases twice as large as 
that of the prior art device. Thereby, flicker can be suppressed. 

[0300] It is preferable that the insulating layers 228 and 230 be formed of an insulator such as, for example, Si0 2 , 
is Ta 2 0 5 , and Si 2 N 4 (or a layered material thereof, or a mixture thereof). In addition, it is preferable that the storage capac- 
itive electrode 227 and 229 be formed of, for example, a metal such as Al, Cr, Au and Ag, or a semiconductor such as 
Si, or a transparent electrode such as ITO, or alloys thereof, or mixtures thereof. Avery small amount of impurities may 
be mixed therein. 

[0301] Furthermore, if the number of the insulating layers are increased to 3 layers, 4 layers... , and so forth, the 

20 storage capacitance accordingly increases to 3 times larger, 4 times larger..., and so forth. This makes it possible to 
achieve a further higher resolution and a further reduction in the device size. For example, as shown in Fig. 30, four 
insulating layers 250a, 250b, 250c, and 250d are respectively sandwiched by five layers of conductive materials 251a, 
251b, 251c, 251 d, and 251 e, and the conductive materials 251a, 251b, 251c, 251 d, and 251 e are connected to the com- 
mon voltage line. In Fig. 30, a connecting line 270 for connecting the conductive materials 251a and 251c, a connecting 

25 line 271 for connecting the conductive materials 251c and 251 e, and a connecting line 272 for connecting the conduc- 
tive materials 251b and 251 d are schematically illustrated. By employing such a configuration, the storage capacitance 
can be increased. Generally, when N layers of insulating layers (where N is an integer equal to or greater than 2) are 
respectively sandwiched by N+ 1 layers of conductive materials or semiconductors and the N+1 layers of conductive 
materials or semiconductors are connected to either the source 21 6 or the common voltage line 209 (at least one of the 

30 N+1 layers of conductive materials or semiconductors must be connected to each of the source 216 and the common 
voltage line 209), the storage capacitance can be increased and desired effects can be thereby obtained. 
[0302] Alternatively, as shown in Fig. 31 , such a configuration may be employed that 3 insulating layers 252a, 252b, 
and 252c are respectively sandwiched by 4 conductive materials 253a, 253b, 253c, and 253d, the conductive materials 
253a and 253c are connected to the common voltage line 209, and the conductive materials 253b and 253d are con- 

35 nected to the source 216. In other words, such a configuration may be that N+1 layers of conductive materials or sem- 
iconductors are in turn connected to the source 216 or the common voltage line 209. This configuration achieves an N 
times as large storage capacitance, which is most preferable. 

[0303] Although a single crystal Si is used as a substrate in the above-described examples, the same multi-layered 
storage capacitor can be configured using a substrate made of poly-crystalline Si and glass (or quartz) as shown in Fig. 
40 21 , and this configuration also achieves desired effects. 

EMBODIMENT 10 

[0304] Fig. 32 shows a cross sectional view of a reflective-type LCD device according to Embodiment 10. Embod- 
45 iment 10 is similar to the foregoing Embodiment 9. Embodiment 10 differs from the foregoing Embodiment 9 in that at 
least one of the insulating layers (here, the planarizing layer) is formed of an organic insulator containing carbon parti- 
cles (a photoresist layer 231 containing carbon particles in Fig. 32). An organic insulator containing carbon particles has 
a large light absorption coefficient, and therefore it is possible to block a light incoming through gaps of the reflective 
pixel electrodes 204 into the MOS transistors inside the device and consequently to suppress flicker. Examples of such 
so organic insulating layer materials containing carbon particles include a material in which carbon particles are contained 
in a photoresist or polyimide. From the viewpoint of the electrical insulation between the pixels and between the con- 
ductor light blocking layers, it is preferable that a relative resistivity of the organic insulator containing carbon particles 
be sufficiently large. 

[0305] It is possible to employ the organic insulator layer containing carbon particles for an insulating layer (for 
55 example, a first insulating layer 21 1 and a second insulating layer 207 in Fig. 32) as well as the planarizing layer. It is 
also possible to employ the organic insulator layer containing carbon particles for more than one layer of the planarizing 
layer and the insulating layers. It is also possible that the planarizing layer or one of the insulating layers may be com- 
posed of a layered structure comprising a plurality of materials and at least one of the layers may be composed of the 
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organic insulator layer containing carbon particles. 

[0306] Although this embodiment describes a device using a single crystal Si substrate, such a substrate as in 
Embodiment 7 that poly-crystalline Si is formed on a glass (or quartz) substrate may also be used. 

5 EMBODIMENT 11 

[0307] Fig. 33 shows a horizontal sectional view of a reflective-type LCD device according to Embodiment 1 1 . The 
reflective-type LCD device according to Embodiment 1 1 has basically the same configuration in the cross section and 
electrical connection as that of the prior art device, but differs from the prior art device in a relative position in a horizon- 
10 tal section of a light blocking layer 208 existing over the MOS transistor 99 on the substrate, with the insulating layers 
interposed therebetween. Specifically, the channel 225 (provided beneath the gate 213) of the MOS transistor 99 is dis- 
posed so that the channel 225 is approximately the center of the light blocking layer 208. 

[0308] By employing such a disposition, even if a light intensity of a part of the reading light passing through the 
gaps between the pixel electrodes and reaching the edge of the light blocking layer 208 is the same as that in the prior 
is art device, the light is attenuated corresponding to the increased distance from the edge of the light blocking layer 208 
to the channel, and as a result, light blocking performance is improved. 

[0309] Regarding a relative positioning of the channel 225 and the light blocking layer 208, it is preferable that a dis- 
tance in a plan view between a center (a geometrical centroid in a plan view) of the channel 225 and a center (a geo- 
metrical centroid in a plan view) of the light blocking layer 208 is equal to or less than 2/3 of a square root of an area of 

20 the light blocking layer 208. For example, as shown in Fig. 34, in the case where the light blocking layer 208 has a 
square-like shape having a side length M1 , it is preferable that a distance M2 between the center P1 of the channel and 
the center P2 of the light blocking layer 208 satisfy M2^(2/3) • M1 . In other words, the center of the channel P1 should 
be disposed in a circle having the center P2 and the diameter being (2/3) • M1 . If the light blocking layer 208 has a rec- 
tangular shape with 12 ^im x 10 \im, the center of the channel should be disposed at a point whose distance from the 

25 center of the light blocking layer 208 is less than ( 2/3) x (1 2 jam x 1 0 ^m) 1/2 = 7.3 jam. It is to be noted that the optimum 
range may be determined taking a thickness of the light blocking layer 208 into consideration. For example, in the case 
where a thickness of the light blocking layer is larger, the above-mentioned constant 2/3 may be changed to a value less 
than 2/3, while in the case where a thickness of the light blocking layer is smaller, the constant 2/3 may be changed to 
a value greater than 2/3. 

30 [031 0] Although this embodiment describes a device using a single crystal Si substrate, such a substrate that poly- 
crystalline Si is formed on a glass (or quartz) substrate as in Embodiment 7 may also be used. 
[031 1] Some of the preferred embodiments of the present invention have been described in Embodiments 7 to 1 1 
above. In the foregoing Embodiments 7 to 1 1 , the common voltage line 209 may be omitted. Specifically, the storage 
capacitor is not provided between the reflective pixel electrode 204 and the common voltage line 209, but may be 

35 formed, for example, between the scanning line 209 being either in the upstream or the downstream and the reflective 
pixel electrode 204. When the common voltage line 209 is employed, it may be provided parallel to the scanning line 
221 as shown in Figs. 22 and 23, or parallel to the signal line 210 as shown in Fig. 27. In addition, the planarizing layer 
205, the second light blocking layer 206, the second insulating layer 207, the first light blocking layer 208, the first insu- 
lating layer 211, the field oxide layer 212, the p-well 219 and so forth are also not essential in the present invention, 

40 although it is preferable that these components are provided. In Embodiments 10 and 1 1 , however, at least one of the 
insulating layers or the planarizing layer is necessary. The number of layers in the light blocking structure may be further 
increased. In the case of a single crystal Si substrate, the p-well 219 may be omitted and instead, a p-type Si substrate 
may be employed. 

[0312] Further, Embodiments 7, 9, and 1 1 describe the cases in which the lower capacitive electrode 224 in the 
45 storage capacitor is connected to the source 216 and the upper capacitive electrode 21 7 is connected to the common 
voltage line 209, and Embodiments 8 and 10 describe the cases in which the connections are the opposite of those in 
Embodiments 7, 9, and 1 1 . However, in each of the embodiments, the connections are not limited to the ones described 
therein, and the opposite connections may be employed. 

[0313] In addition, the capacitive oxide layer need not be provided on the same plane as the plane in which the 
so MOS transistor or TFT is provided, and the oxide layer and the capacitive oxide layer may have a different thickness 
from each other. The capacitive oxide layer need not necessarily be a MOS capacitance. Although the planarizing step 
is required in order to obtain a sufficient reflectivity, the step is not necessarily essential to the present invention. 
[0314] When poly-crystalline Si is employed, the substrate need not be glass or quartz, but may be a general insu- 
lator. For example, a plastic substrate or a sapphire substrate may be employed. In addition, the MOS transistors and 
55 TFTs described in the foregoing Embodiments are n-channel types (in which the charge carrier in the channel is elec- 
trons) but of course, p-channel types (in which the charge carrier is holes) may be employed. When p-channel MOS 
transistors are employed, the substrate may be a p-type Si substrate in which n-well is provided, or an n-type substrate 
alone. 
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[0315] The substrate need not be a crystalline Si substrate, but may be a poly-crystalline Si substrate or may be an 
SOI (silicon on insulator) substrate. 

[0316] In addition, the MOS transistor and TFT may be provided in plural numbers in a pixel. 

[031 7] In addition, a mode for the liquid crystal 203 is not particularly limited. Various modes may be employed such 

5 as TN (Twisted Nematic) liquid crystal, STN (Super Twisted Nematic) liquid crystal, ECB (Electrically Controlled Bire- 
fringence) type liquid crystal including VA liquid crystal (Vertical Alignment liquid crystal, or Homeotropic liquid crystal) 
and homogeneous alignment liquid crystal, bend-type liquid crystal, IPS (In-plane Switching) liquid crystal, GH (Guest- 
Host) liquid crystal, polymer dispersed liquid crystal, ferroelectric liquid crystal, anti-ferroelectric liquid crystal, and so 
forth. Furthermore, materials other than liquid crystal may be used if the materials are such that optical characteristics 

10 of the materials change by applying voltage. For example, it is considered that electro-optic crystals such as BSO (Bis- 
muth Silicon Oxide) and the like, and materials that show electroluminescence can be used for such materials. 
[0318] Further, it is of course possible to combine some of the foregoing Embodiments 7 to 1 1 . 

EMBODIMENT 12 

15 

[0319] Fig. 35 shows a plan view of a reflective-type LCD device according to Embodiment 12, Fig. 36 shows an 
enlarged view of a portion A4 in Fig. 35, and Fig. 37 shows a cross sectional view taken along the line Y1 -Y1 in Fig. 35. 
Embodiment 12 describes a reflective-type LCD device employing a substrate in which a poly-crystalline Si thin film is 
formed on a transparent insulating substrate (for example, a glass substrate or a quartz substrate), as in Embodiment 

20 7. This Embodiment 12 is characterized in that a lower surface (back surface) of the insulating substrate is subjected to 
a surface treatment for preventing reflection of light in order to prevent interfacial reflection at the back surface of insu- 
lating substrate and thereby suppress a variation of pixel electrode voltages. Embodiments 13 to 17 to be described 
later are also characterized in that interfacial reflection at the back surface of the insulating substrate is prevented and 
thereby a variation of pixel electrode voltages is suppressed. 

25 [0320] Shown in Figs. 35 to 37 are a counter electrode 3101 , afirst substrate 3102, a TFT 3103 as a pixel switching 
element, a scanning line 3104, a signal line 3105, a reflective pixel electrode 3106, an insulating substrate 3107, a front 
surface 3108 (a surface on which the TFT is formed) of the insulating substrate, a back surface 3109 (a surface on 
which the TFT is not formed) of the insulating substrate, an insulating layer 3110, a liquid crystal layer 31 1 1 , an anti- 
reflection treated layer 3112, an incident light 31 13, a modulated output light 31 14, and a transmitted light 3115. 

30 [0321] The insulating substrate 3107 is composed of glass, a liquid crystal of the liquid crystal layer 3107 is com- 
posed of a vertical alignment (VA) mode liquid crystal using a nematic liquid crystal having a negative dielectric anisot- 
ropy, and the anti-reflection treated layer 31 12 is composed of a multi-layered film of magnesium fluoride or silicon oxide 
/ titanium oxide. 

[0322] The pixel switching element 3103 is disposed under the reflective pixel electrode 3106 so as to be shielded 
35 from light. The scanning line 3104 and the signal line 3105 etc. are composed of opaque materials which reflect light 
and therefore disposed so that the areas of the lines occupying an area under the gap between the reflective electrodes 
is minimized, by which the light transmitted through the gap between the reflective electrodes next to each other can 
pass through the device as much as possible. Generally, scanning lines and signal lines are made of metals such as 
aluminum, or of poly-silicon in which impurities are doped. 
40 [0323] In this Embodiment 12, by providing the anti-reflection layer 31 12, more than 99 % of the transmitted light 
31 1 5 is discharged out of the device without causing interfacial reflection. Consequently, even with an incident light with 
an illuminance level of 1 million lux, a good display characteristic was obtained without deteriorating a contrast. 
[0324] In fabricating the device, firstly the surface treatment was performed on the back surface of the insulating 
substrate 3107, and thereafter TFTs, electrodes and so forth were formed on the front surface, since such a surface 
45 treatment requires a high temperature in the fabricating step. 

EMBODIMENT 13 

[0325] Fig. 38 shows a plan view of a reflective-type LCD device according to Embodiment 13, Fig. 39 shows an 
so enlarged view of a portion A5 in Fig. 38, and Fig. 40 shows a cross sectional view taken along the line Y2-Y2 in Fig. 38. 
Shown in Fig. 38 to 40 are a counter electrode 3201, a counter substrate 3202, a TFT 3203, a scanning line 3204, a 
signal line 3205, a reflective pixel electrode 3206, an insulating substrate 3207 composed of glass, a front surface 3208 
of the insulating substrate, a back surface 3209 of the insulating substrate, an insulating layer 321 0, a liquid crystal layer 
321 1 , an adhesive layer 3212, a film plate 3213, an anti-reflection treated layer 3214, an incident light 3215, a modu- 
55 lated output light 3216, and a transmitted light 321 7. 

[0326] Embodiment 13 employs a multi-layered film of magnesium fluoride or silicon oxide / titanium oxide is used 
for the anti-reflection treated layer 3214. Embodiment 13 is characterized in that firstly the anti-reflection treated layer 
3214 is formed on one side of the transparent organic film plate 3213 and thereafter an adhesive material (adhesive 
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layer 3212) is coated on the other side, and subsequently the film plate 3213 is attached to the back surface 3209 of 
the insulating substrate 3207 using the adhesive material (adhesive layer 3212). The rest of the configuration is identi- 
cal to that of Embodiment 12. The reflective indices of glass, the adhesive material (adhesive layer 3212), and the film 
plate are approximately 1.5, and therefore virtually no interfacial reflection occurred at the back surface 3209 of the 
s insulating substrate 3207. 

[0327] Since the film 3213 is attached afterwards, the fabrication is made easy to a remarkable extent. Further- 
more, if attaching of the film 3213 is performed after tests of the device confirm that the device is good, loss and cost 
can be reduced. 

[0328] In the foregoing Embodiment 12, the anti-reflection treated layer is formed firstly, and therefore there are 
10 some restrictions in chemicals and process temperatures. By contrast, Embodiment 1 3 is free from such restrictions. 
[0329] As described above, according to Embodiment 13, display performance approximately equal to that of 
Embodiment 12 is achieved by a simpler fabricating method. 

EMBODIMENTS 

15 

[0330] Fig. 41 shows a plan view of a reflective-type LCD device according to Embodiment 14, Fig. 42 shows an 
enlarged view of a portion A6 in Fig. 41 , and Fig. 43 shows a cross sectional view taken along the line Y3-Y3 in Fig. 41 . 
Shown in Fig. 41 to 43 are a counter electrode 3301, a counter substrate 3302, a TFT 3303, a scanning line 3304, a 
signal line 3305, a reflective pixel electrode 3306, an insulating substrate 3307, a front surface 3308 of the insulating 
20 substrate 3307, a back surface 3309 of the insulating substrate3307 composed of glass, an insulating layer 3310, a liq- 
uid crystal layer 3311, an adhesive layer 3312, a pigment-containing film plate 3313, an anti- reflection treated layer 
3314, an incident light 3315, a modulated output light 3316, and a transmitted light 3317. 

[0331 ] This embodiment is identical to the foregoing Embodiment 1 3 except the pigment-containing film plate 331 3. 
In the pigment-containing film plate 3313, the base film plate has a refractive index of approximately 1 .5, which causes 
25 virtually no interfacial reflection. 

[0332] The reflective-type LCD devices according to Embodiment 12 and 13 have a configuration such that the 
whole light passing through the gap between the reflective pixel electrodes are let out of the device, but they are not 
protected from the light incoming from the back of the device. 

[0333] In reality, however, unless a structure that fully absorbs the transmitted light from the reflective-type LCD 
30 device is provided, the transmitted light from the device is reflected by external structures such as, for example, the cas- 
ing 67 shown in Fig. 1, and reenters the device, causing degradation of the display performance. 
[0334] In view of this, in this embodiment, a pigment is dispersed in the film plate in order to reduce the amount of 
light passing through the device. In addition, because the anti -reflection treated layer 3314 is provided, it is not neces- 
sary to absorb the whole light. Further, the reflected light coming from outside the device enters the pigment-containing 
35 film plate 3313, which is absorbed there. 

[0335] Having such a configuration, the device according to Embodiment 1 4 achieved remarkably reduction in stray 
light in a liquid crystal projector set, and no degradation in contrast was observed up to a level of 500 million lux. It is 
noted, however, that because of the layer for absorbing a light, the absorbed light is turned into heat, causing a slight 
temperature rise of the reflective-type LCD device. In such a case, it may be preferable that a cooling system such as 
40 an air-cooling fan be provided. It is also noted that the pigment-containing film plate 3313 may be of any material that 
can absorb light, may contain a dye or the like material other than a pigment, and may be of such a material that the 
film per se is opaque or colored. 

[0336] Regarding the wavelengths to be absorbed, at least part of the wavelengths of the incident light should be 
included. The pigment-containing film plate may preferably be, but certainly is not limited to, black. 

45 [0337] The pigment-containing film plate 331 3 may be a polarizing plate. A polarizing plate absorbs a polarized light 
component parallel to the absorbing axis of the polarizing plate, but allows a light component parallel to the transmis- 
sion axis of the polarizing plate to pass through. A direction of polarization of the light reflected outside the device is 
rotated in most cases, and accordingly, most of the light which reenters the back surface of the device is absorbed. A 
polarizing plate is generally made of a plate in which a pigment or iodine is dispersed, but may be of any film plate which 

so generates a polarization effect. 

EMBODIMENT 15 

[0338] Fig. 44 shows a plan view of a reflective-type LCD device according to Embodiment 15, Fig. 45 shows an 
55 enlarged view of a portion A4 in Fig. 44, and Fig. 46 shows a cross sectional view taken along the line Y4-Y4 in Fig. 44. 
Shown in Fig. 44 to 46 are a counter electrode 3401, a counter substrate 3402, a TFT 3403, a scanning line 3404, a 
signal line 3405, a reflective pixel electrode 3406, a semiconductor substrate 3407, a front surface 3408 of the semi- 
conductor substrate, a back surface 3409 of the semiconductor substrate, an insulating layer 341 0, a liquid crystal layer 
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341 1 , an adhesive layer 3412, a polarizing plate 3413, a retardation plate 3414, an anti-reflection treated layer 3415, 
an incident light 3316, a modulated output light 3417, and a transmitted light 3418. 

[0339] The configuration of the device according to this embodiment is approximately identical to that of the fore- 
going Embodiment 1 4, except that a polarizing plate is employed for the film plate, and the retardation plate 341 4 is pro- 
5 vided between the polarizing plate 3414 and the anti-reflection layer 3415. A refractive index of the retardation plate 
3414 is also approximately 1 .5. A phase difference by the retardation plate 3414 is preferable to be 1/4 of a wavelength 
of the incident light. 

[0340] In Embodiment 1 5, the polarizing plate absorbs a polarized light component parallel to the absorbing axis of 
the polarizing plate, but allows a light component parallel to the transmitting axis to pass through, and a phase of the 

10 light component in a direction of the transmitting axis is shifted by A/4. The shifted light is reflected outside the device, 
and the phase of the shifted light is further shifted by A/4 when the light reenters the device from the back surface. 
Accordingly, a phase difference of A/2 is caused when the light reenters the polarizing plate 341 3, which makes the light 
be in agreement with the absorbing axis of the polarizing plate, and thus, much of the light is absorbed. Thereby, even 
when a material that reflects light (for example, a casing 67 shown in Fig. 1) was present in the vicinity of the back sur- 

15 face of the device, no degradation of contrast was observed up to a level of 500 million lux of incident light. It is noted 
that regarding a slight temperature rise of the reflective-type LCD device, the same discussion as given in Embodiment 
14 applies. 

[0341] Regarding the arrangement of the polarizing plate and the retardation plate, an arrangement shown in Fig. 
46 is the most effective, but the polarizing plate and the retardation plate may be disposed in a reversed manner. 

20 

EMBODIMENT 16 

[0342] Fig. 47 shows a plan view of a reflective-type LCD device according to Embodiment 16, Fig. 48 shows an 
enlarged view of a portion A8 in Fig. 47, and Fig. 49 shows a cross sectional view taken along the line Y5-Y5 in Fig. 47. 
25 Shown in Fig. 47 to 49 are a counter electrode 3501 , a counter substrate 3502, a pixel switching element 3503, a scan- 
ning line 3504, a signal line 3505, a reflective pixel electrode 3506, an insulating substrate 3507, a front surface 3508 
of the insulating substrate, a back surface 3509 of the insulating substrate, an insulating layer 351 0, a liquid crystal layer 
351 1 , a light absorbing layer 3412, an incident light 3513, and a modulated output light 3514. 

[0343] In this embodiment, the light absorbing layer 3512 is provided in place of the anti-reflection treated layer 
30 3112 in the foregoing Embodiment 12, so that a light passing through the gap of the reflective pixel electrodes is led to 
and absorbed in the light absorbing layer, without being reflected at the back surface 3509 of the semiconductor sub- 
strate. 

[0344] The light absorbing layer may be formed initially as in Embodiment 12, and may be formed lastly as in 
Embodiment 13. A simple example would be that, after a reflective-type LCD device is prepared, paint is applied on the 
35 back surface to form the light absorbing layer. Thereby, even when a material that reflects light (for example, a casing 
67 shown in Fig. 1) was present in the vicinity of the back surface of the device, no degradation of contrast was 
observed up to a level of 500 million lux of incident light. However, a temperature of the reflective-type LCD device in 
this Embodiment 16 rises higher than that in Embodiment 14, and therefore it is preferable that a cooling system is pro- 
vided for the reflective-type LCD device according to Embodiment 16. 

40 

EMBODIMENT 17 

[0345] Fig. 50 shows a plan view of a reflective-type LCD device according to Embodiment 17, Fig. 51 shows an 
enlarged view of a portion A9 in Fig. 50, and Fig. 52 shows a cross sectional view taken along the line Y6-Y6 in Fig. 50. 

45 Shown in Fig. 50 to 52 are a counter electrode 3601, a counter substrate 3602, a TFT 3603, a scanning line 3604, a 
signal line 3605, a reflective pixel electrode 3606, an insulating substrate 3607, a front surface 3608 of the insulating 
substrate, a back surface 3609 of the insulating substrate, an insulating layer 3610, a liquid crystal layer 361 1 , an adhe- 
sive layer 3612, a pigment-containing film plate 3613, an incident light 3614, and a modulated output light 3615. 
[0346] This Embodiment 17 is characterized in that the pigment-containing film plate 3613 is attached to the back 

so surface 3609 of the insulating substrate 3607 using an adhesive material (adhesive layer 3612), and thereby an equiv- 
alent function to that of Embodiment 16 is achieved. Thereby, as in the foregoing Embodiment 16, even when a material 
that reflects light was present in the vicinity of the back surface of the device, no degradation of contrast was observed 
up to a level of 500 million lux of incident light. However, a temperature of the reflective-type LCD device rises higher 
than that in Embodiment 14, and therefore it is preferable that a cooling system is provided for the reflective-type LCD 

55 device. 
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Supplementary Remarks for Embodiments 12 to 17 

[0347] Although only the basic configurations of the reflective-type LCD device are shown in the foregoing Embod- 
iments 12 to 17, it is to be noted that many variations are possible. For example, an alignment layer may be employed 
5 to align the liquid crystal, and beads and the like may be employed to obtain a thickness of the liquid crystal layer. The 
mode of the liquid crystal is not limited to VA, but other modes such as TN and the like may be employed. Further, the 
incident light may be a polarized light, a natural light, or a light having a certain wavelength range. 

INDUSTRIAL APPLICABILITY 

10 

[0348] As has been described, the following advantageous effects are achieved by the present invention. 

(1) A photoelectric transducer producing a photocurrent is provided on a semiconductor substrate, and the photo- 
current produced by the photoelectric transducer is made to flow in such a direction that it cancels a photocurrent 

is produced in a pixel switching element. Thereby, a variation in pixel electrode voltages can be minimized. As a 
result, even when an illuminance of the incident light is large, flicker is eliminated and it is made possible to attain 
a good image in which a luminance variation and a degradation of a light utilization are reduced. 

(2) A large storage capacitance can be obtained by making a storage capacitor using a ferroelectric thin film, or by 
providing a groove in a semiconductor substrate and utilizing a sidewall of the groove to obtain a capacitance, and 

20 as a result, a variation of pixel electrode voltages can be minimized. 

(3) A variation of pixel electrode voltage can be minimized by setting a ratio W/L of a channel width W to a channel 
length L to be in a predetermined range, or by forming a storage capacitor having a multi-layered structure, or by 
forming an insulating layer having an organic insulator containing carbon particles, or by disposing a channel in a 
pixel switching element to be in an approximately center position in a plane with regard to a light blocking layer. 

25 (4) In a reflective-type LCD device in which a pixel switching element is formed on a transparent insulating sub- 
strate, by treating a lower surface (back surface) of the insulating substrate with a surface treatment such that a light 
is not reflected, an interfacial reflection at the back surface of the insulating substrate can be prevented. Thereby, 
a variation of pixel electrode voltages caused by the interfacial reflection at the back surface of the insulating sub- 
strate can be suppressed. 

30 

Claims 

1. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 

35 substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
40 trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 

electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
45 response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

in each pixel, a photoelectric transducer electrically connected to said pixel electrode is provided on said sem- 
so iconductor substrate, said photoelectric transducer wherein a photocurrent is produced by an incident light, 

and said photocurrent flows in a direction such that said photocurrent cancels a photocurrent produced in said 
pixel switching element. 

2. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
55 transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 

substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
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rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
5 said reflective-type display device implements a display operation by applying a voltage between said transpar- 

ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
10 tor substrate, and 

in each pixel, a photoelectric transducer electrically connected to said pixel electrode is provided on said sem- 
iconductor substrate, said photoelectric transducer wherein a photocurrent is produced by an incident light, 
and said photocurrent flows in a direction such that said photocurrent cancels a photocurrent produced in said 
pixel switching element. 

15 

3. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

20 on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 

rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 

25 said reflective-type display device implements a display operation by applying a voltage between said transpar- 

ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
30 tor substrate, and 

a photocurrent generated in said n-channel MOS transistor and a photocurrent generated in said p-channel 
MOS transistor flow in directions such that said photocurrents cancel each other. 

4. A reflective-type display device as claimed in claim 3 characterized in that: 

35 

said pixel electrode is composed of a pair of an n-channel MOS transistor and an p-channel MOS transistor 
each in which one of a drain electrode and a source electrode is connected to said signal line and the other 
one of the drain electrode and the source electrode is connected to said pixel electrode. 

40 5. A reflective-type display device according to claim 3 or claim 4, wherein: 

an electrode voltage of said counter substrate is approximately equal to V c , where a substrate bias voltage of 
an n-channel MOS transistor is V B i, a substrate bias voltage of a p-channel MOS transistor is V B2 , and V c is 
a pixel electrode voltage such that a photocurrent in said n-channel MOS transistor and a photocurrent in said 
45 p-channel MOS transistor, both of which photocurrents being produced by an incident light, are made to be 

equal during a period in which said p-channel MOS transistor and said n-channel MOS transistor are switched 
off. 

6. A reflective-type display device according to claim 3, 4 or 5, wherein: 

50 

a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where said minimum 
modulation voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectiv- 
ity R max is obtained in the case where a voltage-reflectivity characteristic of said light-modulating layer is a nor- 
mally-off type, or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a 
55 voltage-reflectivity characteristic of said light-modulating layer is a normally-on type. 

7. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
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substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

said pixel electrode is composed of a MOS transistor in which one of a drain electrode and a source electrode 
is electrically connected to said signal line and the other one of the drain electrode and the source electrode is 
electrically connected to said pixel electrode, 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

in each pixel, a diode electrically connected to said pixel electrode is provided on said semiconductor sub- 
strate, said diode wherein a conduction type of a semiconductor region connected to said pixel electrode is dif- 
ferent from a conduction type of a semiconductor region connected to said pixel electrode in said MOS 
transistor, and a photocurrent produced in said diode flows in a direction such that said photocurrent cancels 
a photocurrent produced in said pixel switching element. 

8. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

said pixel electrode is composed of a MOS transistor in which one of a drain electrode and a source electrode 
is electrically connected to said signal line and the other one of the drain electrode and the source electrode is 
electrically connected to said pixel electrode, 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

in each pixel, a diode electrically connected to said pixel electrode is provided on said semiconductor sub- 
strate, said diode wherein a conduction type of a semiconductor region connected to said pixel electrode is dif- 
ferent from a conduction type of a semiconductor region connected to said pixel electrode in said MOS 
transistor, and a photocurrent produced in said diode flows in a direction such that said photocurrent cancels 
a photocurrent produced in said pixel switching element. 

9. A reflective-type display device according to claim 7 or claim 8, wherein: 

an electrode voltage of said counter substrate is approximately equal to V c , where a substrate bias voltage of 
said MOS transistor is V B1 , an electrode voltage of an electrode in said diode not connected to said pixel elec- 
trode is V B2 , and V c is a pixel electrode voltage such that a photocurrent in said MOS transistor and a photo- 
current in said diode, both which photocurrents being produced by an incident light, are made to be equal 
during a period in which said MOS transistor is switched off. 

10. A reflective-type display device according to claim 9 , wherein: 

a minimum modulation voltage V M is equal to or less than (V B2 — V c ) and (V c — V B2 ), where said minimum 
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modulation voltage V M is an absolute value of a voltage such that a reflectivity of 90 % of a maximum reflectiv- 
ity R max is obtained in the case where a voltage- reflectivity characteristic of said light-modulating layer is a nor- 
mally-off type, or that a reflectivity of 10 % of a maximum reflectivity R max is obtained in the case where a 
voltage-reflectivity characteristic of said light-modulating layer is a normally-on type. 

11. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

said storage capacitor is formed of a thin film substantially composed of a ferroelectric material. 

12. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

said storage capacitor is formed of a thin film substantially composed of a ferroelectric material. 

13. A reflective-type display device according to claim 1 1 or claim 12, wherein the thickness of said ferroelectric thin 
film is in the range of 2 nm to 5 ^m. 

14. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
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said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semi- 
conductor substrate, and 

said storage capacitor is formed of a thin film substantially composed of one of Ta 2 0 5 , Y 2 0 3 , Hf0 2 , Ti0 2 , Zr0 2 
and Nb 2 0 5 . 

15. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

said storage capacitor is formed of a thin film substantially composed of one of Ta 2 O s , Y 2 0 3 , Hf0 2 , Ti0 2 , Zr0 2 , 
and Nb 2 0 5 . 

16. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said 
pixel electrode provided for each pixel and electrically connected to said signal line via said pixel switching ele- 
ment, and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, 

a groove is provided on a surface of said semiconductor substrate, and at least a part of said storage capacitor 
is formed on a side wall of said groove. 

17. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
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ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 

response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
5 tor substrate, 

a groove is provided on a surface of said semiconductor substrate, and at least a part of said storage capacitor 
is formed on a side wall of said groove. 

18. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
10 transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 

substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 

is matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 

electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 

20 response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, 

an upper surface of said pixel switching element is covered with an insulating layer, and 
25 at least part of said storage capacitor is formed on said insulating layer. 

19. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

30 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said 
35 pixel electrode provided for each pixel and electrically connected to said signal line via said pixel switching ele- 

ment , and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
40 response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

45 

an upper surface of said pixel switching element is covered with an insulating layer, and 

at least part of said storage capacitor is formed on said insulating layer. 

so 20. A reflective-type display device according to any of claims 11 to 19, wherein a common voltage line arranged 
approximately parallel to one of said signal line and said scanning line is provided, and one end of said storage 
capacitor is electrically connected to said common voltage line. 

21. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
55 transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
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rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in said pixel 
switching element. 

22. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in said pixel 
switching element. 

23. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said 
pixel electrode provided for each pixel and electrically connected to said signal line via said pixel switching ele- 
ment, and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

a ratio W/L is in the range of 0.005 to 1 .5, where W is a channel width and L is a channel length in said pixel 
switching element. 

24. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
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signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

a ratio W/L is in the range of 0.005 to 1.5, where W is a channel width, and L is a channel length in said pixel 
switching element. 

25. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

said storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 con- 
ductor layers or between N+1 semiconductor layers, and in said N+1 conductor layers or N+1 semiconductor 
layers, 2 to N layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

26. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

said storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 con- 
ductor layers or between N+1 semiconductor layers, and in said N+1 conductor layers or N+1 semiconductor 
layers, 2 to N layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

27. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
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matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

said storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 con- 
ductor layers or between N+1 semiconductor layers, and in said N+1 conductor layers or N+1 semiconductor 
layers, 2 to N layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

28. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

said storage capacitor has a layered structure in which N insulating layers are sandwiched between N+1 con- 
ductor layers or between N+1 semiconductor layers, and in said N+1 conductor layers or N+1 semiconductor 
layers, 2 to N layers constitutes a first electrode and the remaining layers constitutes a second electrode. 

29. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

one or more insulating layers is/are provided over said pixel switching element, said one or more insulating lay- 
ers including at least one insulating layer composed of an organic insulator containing carbon particles. 

30. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
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and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

one or more insulating layers is/are provided over said pixel switching element, said one or more insulating lay- 
ers including at least one insulating layer composed of an organic insulator containing carbon particles. 

31. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, and 

one or more insulating layers is/are provided over said pixel switching element, said one or more insulating lay- 
ers including at least one insulating layer composed of an organic insulator containing carbon particles. 

32. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, and 

one or more insulating layers is/are provided over said pixel switching element, said one or more insulating lay- 
ers including at least one insulating layer composed of an organic insulator containing carbon particles. 

33. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines arranged in a matrix 
such as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel elec- 
trode and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel 
electrode provided for each pixel and electrically connected to said signal line via said pixel switching element, 
and 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
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ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 

response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, 

a layer of conductor or semiconductor is formed over said pixel switching element so that an insulating layer is 
disposed between said pixel switching element and said layer of conductor or semiconductor, said layer of con- 
ductor or semiconductor constituting a light blocking layer separately provided for each pixel, and 
a distance between a foot of a perpendicular dropped from a center of a channel in said pixel switching element 
to a plane of said light blocking layer and a centroid of said light blocking layer is equal to or less than 2/3 of a 
square root of an area of said light blocking layer. 

34. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, 

a layer of conductor or semiconductor is formed over said pixel switching element so that an insulating layer is 
disposed between said pixel switching element and said layer of conductor or semiconductor, said layer of con- 
ductor or semiconductor constituting a light blocking layer separately provided for each pixel, and 
a distance between a foot of a perpendicular dropped from a center of a channel in said pixel switching element 
to a plane of said light blocking layer and a centroid of said light blocking layer is equal to or less than 2/3 of a 
square root of an area of said light blocking layer. 

35. A reflective-type display device comprising a semiconductor substrate, a transparent counter substrate having a 
transparent electrode, a light-modulating layer disposed between said semiconductor substrate and said counter 
substrate, wherein: 

on said semiconductor substrate, a pixel switching element is formed at each intersectional position of a plu- 
rality of signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a 
matrix so as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel 
electrode is disposed, said pixel electrode electrically connected to said signal line via said pixel switching ele- 
ment and said pixel electrode having a reflective surface formed on a surface thereof, and 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said semiconduc- 
tor substrate, 

a layer of conductor or semiconductor is formed over said pixel switching element so that an insulating layer is 
disposed between said pixel switching element and said layer of conductor or semiconductor, said layer of con- 
ductor or semiconductor constituting a light blocking layer separately provided for each pixel, and 
a distance between a foot of a perpendicular dropped from a center of a channel in said pixel switching element 
to a plane of said light blocking layer and a centroid of said light blocking layer is equal to or less than 2/3 of a 
square root of an area of said light blocking layer. 

36. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
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substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
5 as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 

electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
10 response to said applied voltage, 

said reflective-type display device characterized in that: 

in each pixel, a storage capacitor electrically connected to said pixel electrode is provided on said insulating 
substrate, 

a layer of conductor or semiconductor is formed over said pixel switching element so that an insulating layer is 
is disposed between said pixel switching element and said layer of conductor or semiconductor, said layer of con- 

ductor or semiconductor constituting a light blocking layer separately provided for each pixel, and 
a distance between a foot of a perpendicular dropped from a center of a channel in said pixel switching element 
to a plane of said light blocking layer and a centroid of said light blocking layer is equal to or less than 2/3 of a 
square root of an area of said light blocking layer. 

20 

37. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

25 on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 

signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 

30 said reflective-type display device implements a display operation by applying a voltage between said transpar- 

ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

an antireflection-treated layer is formed on a lower surface of said insulating substrate. 

35 

38. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

40 on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 

signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

45 said reflective-type display device implements a display operation by applying a voltage between said transpar- 

ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

an antireflection-treated layer is formed on a lower surface of said insulating substrate. 

50 

39. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

55 on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 

signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
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trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

a film plate provided with an anti reflection-treated layer on one of the surfaces of said film plate is attached on 
a lower surface of said insulating substrate by an adhesive layer provided with the other surface of said film 
plate, and 

reflective indices of said insulating substrate, said adhesive layer, and said film plate are approximately equal. 

40. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

a film plate provided with an anti reflection-treated layer on one of the surfaces of said film plate is attached on 
a lower surface of said insulating substrate by an adhesive layer provided with the other surface of said film 
plate, and 

reflective indices of said insulating substrate, said adhesive layer, and said film plate are approximately equal. 

41 . A reflective-type display device according to claim 39 or claim 40, wherein said film plate has the function of absorb- 
ing part of incident light. 

42. A reflective-type display device according to claim 41 , wherein said film plate is a polarizing plate. 

43. A reflective-type display device according to claim 41 , wherein said film plate comprises a layered structure com- 
posed of a polarizing plate and a retardation plate. 

44. A reflective-type display device according to claim 43, wherein a retardation of said retardation plate is approxi- 
mately X/4, where X is a wavelength of the incident light. 

45. A reflective-type display device according to claim 42, wherein an incident light is a polarized light, and an absorb- 
ing axis of said polarizing plate is approximately equal to a direction of polarization of said incident light. 

46. A reflective-type display device according to claim 43 or claim 44, wherein the incident light is polarized light, and 
the absorbing axis of said polarizing plate is approximately equal to the direction of polarization of said incident 
light. 

47. A reflective-type display device according to claim 42, 43 or 44 wherein the incident light is polarized light, said light 
modulating layer is a twisted-nematic mode liquid crystal layer, and the absorbing axis of said polarizing plate is 
approximately equal to such a direction that the angle of twist of said liquid crystal is added to the direction of polar- 
ization of said polarized light. 

48. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
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and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

a light absorbing layer is formed on a lower surface of said insulating substrate. 

49. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 
a light absorbing layer is formed on a lower surface of said insulating substrate. 

50. A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and said scanning lines arranged in a matrix such 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
and a reflective layer are formed so that said reflective layer is layered over said pixel electrode, said pixel elec- 
trode provided for each pixel and electrically connected to said signal line via said pixel switching element, and, 
said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

a film plate in which a material for absorbing an incident light is dispersed is attached on a lower surface of said 
insulating substrate with an adhesive layer interposed between said film plate and said insulating substrate, 
said material including one of a dye, a pigment, and a colorant, and 

reflective indices of said insulating substrate, said adhesive layer, and said film plate are approximately equal. 

51 . A reflective-type display device comprising a transparent insulating substrate, a transparent counter substrate hav- 
ing a transparent electrode, a light-modulating layer disposed between said insulating substrate and said counter 
substrate, wherein: 

on said insulating substrate, a pixel switching element is formed at each intersectional position of a plurality of 
signal lines and a plurality of scanning lines, said signal lines and scanning lines being arranged in a matrix so 
as to correspond to a matrix of a pixel arrangement, and over said pixel switching element, a pixel electrode 
electrically is disposed, said pixel electrode connected to said signal line via said pixel switching element and 
said pixel electrode having a reflective surface formed on a surface thereof, and, 

said reflective-type display device implements a display operation by applying a voltage between said transpar- 
ent electrode and said pixel electrode such as to change an optical status of said light modulating layer in 
response to said applied voltage, 
said reflective-type display device characterized in that: 

a film plate in which a material for absorbing an incident light is dispersed is attached on a lower surface of said 
insulating substrate with an adhesive layer interposed between said film plate and said insulating substrate, 
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said material including one of a dye, a pigment, and a colorant, 

reflective indices of said insulating substrate, said adhesive layer, and said film plate are approximately equal. 

52. An image device comprising a light source, a semitransparent mirror, and a liquid crystal light valve, wherein said 
liquid crystal light valve is composed of a reflective-type display device according to any preceding claim. 
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